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Preface 


T his book has b«es prsp&red ft>r tho pxirposa of girm^ the arUst a 
complete and up-tCMiate accoum of tho materials and methods of 
his Craft. It is based ou expeiianca izi the paint, varnish, and 
pig;znant industnes, where I was engaged for a number of ^ears in 
chemical research and in the actual manufacture of most of the basic mateiials 
used by painters^ and on my eTcperience as a lecturer and consultant to artists 
end as a painter. It is because the last is my chief interest that I have en> 
deavoured to present the subj eels from the viewpoint of the artist and arrange 
the znaterial in a manner most useful to him. 

The artist studies his materials and methods in order to gain the greatest 
possible control over his manipuladons, so that he may bring out the best 
cbaractexisiics of his chosen technique and exprees or convey his intentions 
properly, and in order to insure the permanence of bis resets. Haphazard 
departure &om approved methods will often involve a sacrifice in one of these 
directions, but those who hare acquired a complete and intelligent grasp of 
underlpng principles are usually able to vary the established procedures 
successfully, to suit their own individual requirements. 

At present there are numerous materials and methods the use of which is 
well established by painters, but which are in an unstandardized state as 
regards sdentUically correct knowledge or procedure. For instance, few 
xm^rn inveetigetors are is a position to pass judgment on the durability 
of traditional mural-paioting methods under present-day conditions or to 
evaluate the merits of newly developed materials as definitely as such 
dedsions may be made in other technical fields, where materials and methods 
hare been more completely studied for their applications to modern require¬ 
ments. There are still many gaps in our knowledge which well-directed 
investigation could fill in. 

I have included a few notes on matters that are not ordinarily clasdUed 
with materials and methods but that bear a similar practical relation to the 
artist’s technique. I have also departed from conventional procedure in the 
rather frequent mention of trademarked names, commercial products, and 
names of thrir sellers. These widely available standardized products have in 
many instances taken the place of the ungraded materials of former times, 
and they have been referred to here solely from the viewpoint of the retail 
purchaser, as they are discussed among ardsts. It seems to me to be just as 
important to know where one may obtain a raw material and what to ask 
for as to know the Latin name of the tree from which it conies or how it is 
dug out of the ground. Because Thave found from experience that a fairly 
large proportion of inquiries deal with obsolete or discredited materials and 
me^ods, I have meurioned some subjects which might ordinarily be omitted 
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from a work of thk nature. On the other hand, ceruin subjects which are of 
greater concern to the theorist than to the actire practitioner hare been given 
less attention than they customarily receive. In reviewing the techniques of 
the past, I have confined my remarks to periods or schools rather than con¬ 
sidered the specific methods and materials of individual masters. 

The reader vfilL find fewer instructions on the specific applicauon of 
materials and methods to plastic and graphic arts than are customary in 
books on these subjects, because I believe that many such instructions are 
beyond the scope of a technical work, particularly since they are often open 
to divergent opinions or criticasms from a purdy artistic viewpoint. In each 
case one must determine just where the discusrion leaves the field of tech¬ 
nology and enters the filed of aesthetics, and I have attempted to confine 
technical data to their general application to artists’ techniques and to avoid 
either criticism or approval eaxept on technological grounds. 

In general, each of the various processes has been presented first in outline 
form, and then ^ven step-by-step detailed treatment, the degree of complete¬ 
ness varying with the nature and importance of the process. Allusions to 
chemical and other sderrafic prindples have been subordinated to a clear 
understanding of the subjects, and the reader has been referred to a separate 
chapter for the chemical aspects of the various topics. By dividing the 
material into separate chapters and by uang cross-references and a complete 
index, repetition has been avc^ed as far as possible. Published accounts have 
been freely used, the source being mentioned in each instance^ those who are 
interested in following up spedalked subjects in greater detail will find 
selected lists of books on each tojac in the bibliography. Many boob have 
been published on certain of the individual subjects covered in this volume, 
and the titles I have selected should give a good baas for further study in 
these directions. The book lists were planned and arranged so that they might 
fiiDction as a guide to and a review of the field as well as a reference biblio- 
graphy. 

I owe my introduction to the study of painting materials to Dr. Maxi¬ 
milian Toch, under whose supervision much of my early training and 
disdpliiied experience was received. I am espeaally indebted to Mr. David 
Smith and to Mr. I. N. Steinberg for suggestions and assistance in the final 
preparation of my manuscript, and to Mr. Charles Locke and Rfr. S- Levin¬ 
son for amilar services. The drawings are by Mr. Strinberg. 

ELM. 
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Editor^s Note 


I n this Handbock I hare tried to e^end its xwefulness to 

readers by repladng the author’s helpful notes on American sources o£ 
unusual materials -wilh the equiTalent trade suppliers in this country. 
_ The text has been amended only where references to practice acd 
manufacture which are common to both countries haxe been, quite naturally, 
identified with America, but which might lead to confudon if left in their 
original form. Materials, such as American woods and stones for carving, 
which are rarely likely to be imported have been deleted as unnecessarily 
tantalisingj they hare been supplanted wherever possible vrilh British sub¬ 
stitutes. Kefereoces to the practice and experience of painters in the United 
States, however, as well as conclusions which may be frtsh. or controversial 
in this countiy, I have considered a valuable addition to our knowledge of 
American artists. 


Edwin Smith 
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Introductory Notes 


I n order to apply pigment to a surface or ground, the first requirement in 
most cases is that the ground be rough or coarse to some degree. The 
Amplest method of applying colour, dravring with e lead pendl, a stick 
of charcoal, or a crayon, is based on this fact. The surface of uncoated 
paper is, microscopic al ly, a web-like mass of long fibres; depending on the 
degree of coarseness of its finish and upon the hardness of the crayon or 
pencil, these fibres act as a file: they wear away the jagmeut particles and 
hold them within their imerstices. CWnaiy lead pencils are made of graphite 
mixed vnth variable amounts of clay according to iho degree of hardness 
desired f the softest varieties contain little or no clay. 

Graphite is a form of carbon that occur in flat plates or flakes which have 
a slippery or greasy feel. The pressure of the drawing stroke not only forces 
these particles into the interstices of the paper, but creates a slight gloss or 
sheen by causing them to assume a flat, level position with their flat sides 
parallel to the surface, somewhat in the same way that wax is polished by 
cauting it to assume a level, continuous surface. 

Metallic lead has the same properties as graphite^ when it is dravm across 
paper its particles are filed away and held in the mesh of fibres. Subsequent 
exposure to the impurities in the atmosphere will make these lead drawings 
blacker. 

Thin rods of metallic lead were used as pencils by the ancients, and al¬ 
though graphite was known and applied to various uses much earlier, and 
crude graphite pencils began to be employed es early as the seventeenth 
century, the modem graphite or lead pendl in its present wood-encased form 
dates from aboxitthe beginning of the nineteemh century. 

When metallic alver is drawn across paper that has been coated with a 
layer of while jngment, small dark particlas of the metal are held in the 
porous or granular surface of the coating in the same way that iho other 
materials are held by the fibres of uncoated paper. 

Silver-point drawings, which were more popularly esteemed in the past 
than they are at present, are characterized by a certain delicacy of line. Unless 
immediately protected by fixative, the lines acquire a tarnish such as forms 
on all silver surfaces j this colour change, however, is usually detired, and the 
drawings are therefore left unfixed until it occurs. A. number of commonly 
produced industrial coated papers will react with silver (as can be tested by a 
stroke with the edge of a shilling), but these ere invariably made with little 
or no rag content and are of doubtful permanence. If speoal alver-poinl 
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paper is not available in the arlifts’ supply shop, it can be made by coating 
piu^, smooth water<obiff or drawring paper with a thin layer of Chinese 
white, udng a broad sable or camal-hair brush. The silver point itself may be 
a sharpened bit of wlver wire held in an etching needle holder, or a thicker 
rod of alver ground to a point at one end and to a chisel edge at the others both 
are procuraUe from a jeweller at small cost. Gold and ^atinum will make 
similar drawings of somewhat different colour. They do not change by 
tamisbing. 


Painting 

Suffactt. Liquid paints are Hied off or taken from the brush in a similar 
way by the irregularities or tooth of the ground (paper, canvas, etc.) and 
also by absorption, which sometimes acts as an alternative or adjunct to 
coarseness or tooth. In very smooth grounds, absorbency of the surface acts 
as an alternative for coarseness, picking up the paint from the brush and 
caudng it to drag in the desired mannar. Both tooth and absorbency must be 
of the correct degree for the particular method and materials that are being 
used, and for the results that are desired, not only for reasons of maniputarion 
but aleo to effect proper adhesion. 

If one draws a loaded brush of oil colour across a dean sheet of glass, a 
highly unsatisfactory effect is produced; normal, direct painting is not 
possible, and adhesion is imparfea. If ground glass is used, a great improve¬ 
ment is immediately noticed; the tooth of this glass surface takes the colour 
much more HtisfactoTily. If the same paint be applied to a panel coated with 
a smooth, polished ground which has been coated with varnish in order to 
meke it non-absorbent, exactly the eame dil^cul^ is encountered. If the 
ground is completely absorbent, the paint vriU be taken from the brush and 
drawn into tha absorbent surface so rapidly that another obstacla to manipu¬ 
lation is presented: satisfactory painting is hampared by too much drag. If 
this ground is treated with a thin coat of uze, so that its absorbancy is of just 
the right degree, neither too much nor too little, the oil paint can be apphed 
successfully. If pumice, a coarse, tooth-imparting, inert pdgment, has been 
added to the ground, or if the ground has been scored or imprinted with a 
tenure, oil paint is well taken from the brush, even if the ground is other¬ 
wise too non-absorbent to take it by absorption alone. Water c<do\ir and 
tempera paints require a full degree of absorbency for their proper function¬ 
ing, but the surfaces of their grounds do not have to be particularly rough. 
The coarseness of very rough water-colour paper is for the purpose of im¬ 
parting the desirable granuler appearance or sparkle and has not much to do 
with brushing or adherencof smooch water-colour paper will hold the colour 
particles as well. 

OccarionaUy painting on a smooth, non-absorbent surface—such as glass 
or a metal sheet-^is required, but these processes ere not in general use, and 
the resultant coaringis seldom expected to last very long. 

Buid&rs in Painu. There are several types of binding acdon, end the 
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mawrials depend upon one action should not he expected to produce 

«ther the Tiau^ effects or tie pliysical properties of the others. A iWed oil 
Bta eposes pigment particles in a continuous, glassy, solid substance. The 
film of a resinous yamish acts in the same vrays it is even dassier, and is so 
im^mous to aunospheiic condiiious that a thin layer of clear yamish will 
produce a d^J^Qble film without any pigment. 



Tempera paint films are adequately strong and durable, but when diy 
the volume of binder in relation to the volume of pigment is less than that of 
<A\ paints. The pigment panicles arc surrounded by the hinder, but unlike 
the condiUoa in the glossy oil film there is little or no excess medium, the 
surface has a mat or semi-mat finish, and the layer is porous. 



Simple solutions of gum, glue, casein, etc., are more powerful adhesives 
than oils and resins^ they will bind the pigment pardcles into a mass and 
attach them to the ground, but they do not form very durable films by them¬ 
selves. When such paints are thinned to a brushing consistency, the pig¬ 
ments will be well bound but not locked in by a con^uous level film, and so 
their surfaces will not be glossy. 

Binders such as the lime in fresco painting fall into another class. They 
act merely as cementing materials j they hold ie particles of pigment or sand 
to each other hut give no protection against outside influences. The surface is 
porous and any resistance against extemal attacks it may have is due to iu 
own inert nature and that of the pigments. 



Fixatives, such as are employed to bind the pigment of pastel and crayon 
fdctures, are very weak solutions. They are expected to be absorbed by the 
surface and they supply only enough superficial binding action to reduce the 
fr a^ty of the picture so that it can be handled with somewhat more freedom. 
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RnJjinrAd Fornujlas. In the formulatiou of a liquid paint or the establish¬ 
ment of a paintiog technique, there is a fundamental conuderation whicli 
may he called the ‘balance of aoluhiUty’. A certain balance or relation must be 
maintained between the re^stance of the coating;, the soWont action of sub- 
sequent brush strokes, and the eolrent or dispersing power of the liquid used. 
For instance, the gum binder of water colour is completely soluble in water, 
yet the dry paint layer is sufficiently resistant so that it is possible to apply 
subsequent brush strokes without disturbing it^ on the other hand, the paint 
is not so reustant that it cannot be softened or run into when the painter so 
deares. The wee paint itself may be instantly diluted or thinned with its 
normal solvent, water. A poorly made water-colour paint, or one whicli 
could be called unbalanced in this respect, might be picked up and completely 
removed at the touch of a wet brush or it might dry too resistant to water to 
be worked into when desired. The best water*coloiir painu ere perfectly 
balanced and adjusted to the normal water-colour techniques. 

In the oil-peinting technique the turpentine or mineral spirit has suf!t* 
rient solvent action to function as a thinner for the wet paint and also to 
dissolve the freshly applied or recently dried coating if scrubbed into it, yet a 
freshly dried surface will not be pick^ up, spread, or dissolved awey if over¬ 
painted in the correct manner. Oil paint can be freely mixed and blended if 
desired, it can be made to set quickly enough to withstand the solvent action 
of further strokes vhthout running in with them, or it can be made to remain 
plastic long enough for most normal working procedures. If a glote or over« 
painting contained acetone or some other powerful solvent the under- 
paintiog might be packed up or it might spread. One of the principal disad¬ 
vantages of the modern lacquers and synthetic resins in painting is that as a 
class they are insoluble in all but the most powerfully solvent and highly 
volatile liquids, thus creating obstacles to cont^led manipulations. 

Some techniques are less flexible and their manipulations do not involve 
the seme degree of solubility of recently applied cobui^for example, fresco, 
in which the brush strokes are not altered by overpaintiog end where such 
eflects as gradations of colour, tone, or shade are normally achieved by hatch¬ 
ing or the applicedon of separate strokes. Other techniques demand various 
degrees of solubility in their materials, and the standards for paint formulas 
end ingredients, bruehoe, grounds, and manipulations used in each vary 
widely according to its requirements. 

Home-made Materials 

The artist’s home manufacture of painting materials has been criticized 
and defended on various grounds by twenrieth-centuiy commentators. The 
modem painter who makes or refines his own materials does so because the 
particular quality or variety he desires cannot be purchased, because his pro¬ 
cess demands ceruin operations which must be performed immediately 
before use, for reasons of economy, or because he enjoys it as an enlighten¬ 
ing avocadon. Well-directed experience in this activity is obviously one 
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of the most valuable means of acquiring; knowledge that leads lo control of 
materials. 

A chronological study of the old manuscript treauses which were written 
for painters rather than for those primarily concerned with produdng 
materials in commercial quantiliee shows that one by one, with the advance 
of time, recipes for pgments and mediums are omitted or accompanied hy 
remarks to the effect that their preparation is not worth the trouble and risk 
of failure, rince they can be purchased ready-made. 

The development of our modem industrial system on an economy of mass 
production makes it quite understandable why it is impossible for the pro¬ 
ducer of a raw material which b sold daily in waggon loads to turn out with 
scrupulous care the insignificantly few barrels of his product which the 
artists of the world consume annually. One of the contributory causes of the 
decline of standards for materials at the same time that advances in tech¬ 
nology and knowledge made it possihle to improve quaUty was the develop¬ 
ment of the paint and colour industry fmm one winch produced materi^ 
largely used for decorarive purposes to one whose products are primarily used 
for large-scale indusliial or protective purposes. Pigments, oils, and other 
products, highly satisfactory for industrial purposes but of quality inferior to 
that demanded for arcists’ use, are made in enormous quantities. The super¬ 
lative grades are produced on a much smaller scale and are not so widely 
available. 

The painter, sculptor, or graphic ardst who is well acquainted with the 
properties of bis materials is often able to improvise quite acceptable materials 
when for various reasons his normal supplies are unobtainable or when he ia 
confuted by the numerous minor emergences which arise in the progress 
of his work. However, the writer or instructor who is i n ten t upon conveying 
the most correct and approved ways of achieving good results does not 
ordinarily concern himself with possible remoteness fi‘cm sources of supply 
and similar comiderations. meniions some interesting emergency 

methods for the preparation of materials when the proper ingredients and 
ready-made supples ere not to be had; other books, including this one, also 
note such procedures occarionally. It must be understood that no one recom¬ 
mends these expedients as regular procedure, and that the artist should have 
sufficiem experience to judge for himself whether makeshift materials are 
suitable for his permanent work or whether th^ use should be confined to 
notes and sketches. The drawbacks to the use of common oils, decorators* 
pigments, home-made curd paints, etc., are all well known to the careful 
student of materials. 


Quality in Ready-made Artists’ Sutplies 

While the use of students’ grade materials may be justified on economic 
grounds for the be^ner in his very early stage, it is a question whether this 
pracuce is not carried too far. If, as soon as the student has completed his very 
eariy attempts and has begun to think and act for himself, he continues his 
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traiiuzi^ v?ith th« best professional materials lie can possibly’ aHord, he 
should be on the road to a mucli better control of his materials and methods 
than if he is introduced to the sort of materials that 'make all the difference 
in the world’ after he has already established his technique, or the hack> 
ground for his future technique, on a basis of inferior materials. A great 
number of our younger professional ardsts, whose works are well drculated, 
continue the use of inferior materials. There is such a small demand for 
really first-class goods that some of the larg;est supply stores are often lacking 
in the better grades of canras, paper, colours, and brushes. 

An apprentice in any of the manual or mechanical trades soon learns all 
about the quality of his tools, and acquires high-grade professional ones early 
in his career. An ordinary house painter engaged in the most commonplace 
sort of work would scorn to use a brush comparable in quality and condition 
to some of the artists’ brushes 'with 'which paintings are done. Artists should 
know that the use of cheap materials not only affects the quality of their 
work, but is often not economical^ a pure, strong colour will go further than 
a weakened one, and a good brush will outlast several poor ones. The one 
way a student can learn to judge such materisils, after he has been taught all 
that can be imparted to him regarding their selection, requirements, 
characteristics, etc., is to be allowed to work with them. Possibly some of the 
lack of interest in this subject is due to an overreliance on the-truism that no 
amount of opulence in materials will make a good painter, and that a good 
painter can turn out surprisingly good things vmder adverse conditions. 

The production of prepared artists' colours in some European oountriee is 
sometimes handicapped by the tendency of the producers to employ pgments 
of domestic origin almost excluavely. If a manufacturer honestly wishes to 
make high-grade paints, he will select the materials solely on their merits, 
regardless of their points of orig^. Some natural earths such as Raw and 
Burnt Siennas (Italy), Yellow Ochre (France and Italy) occur in their best 

form only in certain limited districts abroad and there are a few colours_ 

e.g. Carbon Black (America), Arsenical Cobalt Violet (France)—which are 
used solely by artists, in such small quantities that it would be economically 
impracticable to produce them here. 

There is no longer so much cause to quarrel with the manufacturere of 
good artists’ materi^ on the score of their prices; it is reasonable to agree 
that considerable expense is involved in the care and technical sldll required 
to select the highest-grade materials and to compound them properly. 
Furthermore, the maintenance of stocks and the distribution of the finished 
products will result in a higher percentage of cost in such products than in 
those which are consumed in greaur quantities- In fact, most of the higher- 
grade materials which go into artists' paints are produced in quantities which 
are significant in comparison with quantities of similar products made for 
mass production. 

However, the artists’ colour trade is Bke every other in that there is always 
the posribility that unscrupulous firms will trade on the reputation of fine 
materials and substitute inferior grades under the same name* the main- 
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tenance of high quality is entirely up to the consdence of the maker, because 
the majority of laanofacturers hare or can easilv obtain the technical skill 
and knowledge to produce as good material as ^ey please. There are few 
technical secrets in modern industry. 

Ordinary house paints and Tarnishes are of three grades: first, the best 
possible products that can be turned out with reasonable allowance for the 
ayailability of supplies and restrictions of distribution^ second, the best 
possible material that can be made within a limited or competiure price 
ranges and third, the cheapest sort of rubbish that Looks and smells like 
paint. If a responsible manufacturer makes second'grade products, he will be 
careful to indicate the fact, but there are firms, particularly jobbers BnH s^ee 
organizations that do not maintain their own factories, which sell second' 
and even third-grade paint advertised to compete with first-class products. It 
is possible that something of the same sort may also occur in the artists’ 
supply trade. However, conditions at present are much improved, and the 
standards of quality, even among the cheaper grades, are higher than they 
were in the recent past- A few years ago I had occasion to examine three 
tubes of artiste’ white, of a brand no longer on the market, which were sold 
at a low price but with no intimation that they were of students* grade or 
otherwise inferior to the best, and found that the three—zinc white, flake 
white, and Cremnitz white~>-apparently came out of the same tub. They 
were identical mixtures of lithopone, a little zinc oxide, and nearly 20% 
barytes ground in an oil which contained znaterials to give the colours an 
acceptable buttery consistency. At the present time, selection of prepared 
artists’ materials rests upon the experience and judgment of the user, 
substantiated by simple tests which he is able to make, such as exposure to 
light and a rough strength test, as outlined in this book. Desjute various 
attempts in the past, no satisfactory practical standards have been established 
for the control of artists’ materials. Such a project would have to be guided by 
modern technicians whose judgment would be largely based on the artists’ 
viewpoint with reasonable allowances for the manufacturers' problems. At 
the present writing a move in this direction is b«ng made in America under 
the auspices of the National Bureau of Standards (see page 444). 

Historical Notes 

The earliest works of art of which we have definite knowledge are pr^ 
historic, that is, they were produced during periods antedating the times for 
which we possess contemporary records and of wliich our knowledge is 
definite or accurate. The word prehistoric is here used in a narrow sense, 
relating directly to art, and does not necessarily imj^y that we have no 
definite, accurate knowledge of other aspects of the cultures that produced 
these works of art. Of some countries—for example, ancient Greece—we 
have a good knowledge of the dvilization, the literature, architecture, 
ceramics, etc., but only a vague idea of the materials and methods of mural 
and easel painting. 
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Our iDforraation diuicaroing tha methods and materials of these periods 
is derived from relics, archaeological discoveries, and from the writings of 
the earliest historians. Condderable time separated theee writers &om the 
periods in quesriou, and although much of value has been learned from them, 
their writings also costain much that is legendary, vague, and inaccurate^ 
some processes are described correctly in accordance with methods which 
have survived or developed along similar lines down to the preee&t day, 
while other statements are the weirdest soru of fantasy. Sometimes, im- 
portant archaeological discoveries such as those of Troy and Knoseos have 
substantiated historical or epic legends which previously had been considered 
unfounded on actual fact. The most valuable aid in reconstructing an old 
pwntiag method and arriving at a deiinite conclunon is an intimate knotv> 
ledge of the behaviours and properties of painting materials and the results 
which may be obtained by various manipulations, gained through first-hand 
painting experience and experiment. 

All the raw materials used in art techniques, with the exception of some 
few new products or improved grades introduced during the recent age of 
industrial and scientific development, are of far greater antiquity than is 
popularly supposed. The materials which were considered as improvements 
during the incroductioii of various techniques from the thirteenth century 
on were well known to the ancients.,The principal literary sources which 
mention painting materials and methods of the clasrical period, and upon 
which investigators have based many doductions, are Vitruvius and Pliny, 
with lesser accounts by Theophrastus and Dioscorides. 

Modern investigators have exhaustively studied all the known sources 
and references to painting materials of the past, not only the more complete 
accounts but also the isolated references and clues in non-technical writings. 

The development of art in general proceeded along distinctly separate 
channels In the various countries, but always was governed by the culture 
and type of dvilkatlon and the available supply of raw materials, choice or 
selection of which was strongly influenced by climatic conditions and the 
uses to which the works of art were put. 

Egy^a. The preservation of Egyptian relics because of the perfectly dry 
atmosphere of the country and the precautions taken to insure the safe^ of 
mortuary depotits is well known, and students of Egyptian civilization have 
given us a very thorough understanding of the punting methods employed. 
The history of these methods constitutes a remarkable record of the survival 
of a technique, which remained essentially unchanged for a period of about 
5000 years. Although the an and culture of the Egyptian civilization under¬ 
went changes during this period, these changes occurred within fairly 
limited bounds, and the follcrwing two processes served from the date of the 
earliest existing sperimans (about 4700 5.C.) down to the time of the 
Ptolemies: 

1. Mud-plaster walls were decorated with a simple water-colour paint. 

2. Designs were engraved or cut m stone walls and gone over with 
water-colour washes. 
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Minor, isolated examples of other Tariations haye also been found. 

The precise nature of the binder in the Egyptian water colour ii uncer¬ 
tain; gum, eUe, or some wroilar material was used, or perhaps all of them, 
and the colours were applied with crude fibre brushes- It is usually assumed 
that gum arabic was in groatesi use, Theee water-colour paintings on mud- 
plaster walls which have survived so well in the dry climate and sealed tombs 
of Egypt may be entirely destroyed by passing a damp sponge across the sur¬ 
face. The work of the later petiods was technically more refined, better and 
finer brushes and jdgments were used, but the process remained the same, 
Lime-plaster was not used prior to the Roman influence. 

Gruce. The Minoan and other pre-Hellenic Greek dvilizations developed 
a fresco process virtually identical with the buon/retco of Renaissance Italy; 
it is described in the chapter on Murat Painting. The two prindpal Greek 
methods of painting easel pictures—according to ?liny, Vitruvius, and other 
vmtora—were encaustic and a mysteriously vague second process variously 
supposed by modem vmters to have been oil, egg tempera, or diHolved or 
emulsiried wax. No conclusive evidence has so far bean established on this 
point, but the methods, materials, end implements of encaustic painting are 
well known. A large amount of the tradition and legend concaming the 
highly praised early Greek painters is probably apocryphal and of small value 
in the study of their techniques, No authentic Greek paintings of the clasdcsl 
period are known to exist; the Pompeian relics have in the past bean con¬ 
sidered typical of them, but more modem students find that they throw little 
light on the subject. The Greeks seem to have had a complete unconcern for 
any sort of recorded data and, unlike the Egyptians, no regard for tha pre¬ 
servation of works of SiTt beyond their immediate functions; few statements 
about their mural or ease) painting methods or materials are entirely free 
from conjecture. The principal source of ouf knowledge of the artistic as 
distinguished from the technical nature of Greek pictorial art is the nudy of 
the decorated pottery and a few other relics which happen to have survived 
because of their durability, The Roman materials sire somewhat better 
known to us through contemporary records. 

MtdLeval Europe. The period which follows, i.e., the early Christian or 
medieval era, supplies us with a somewhat larger number of surviving 
examples of painting, and also with written accounts of a more definite 
character in ell countries. These include manuscripts written by contempt 
r&ry craftsmen and specialists for the purposo of disseminating their know¬ 
ledge, recordsof expenditures for materials, and letters of painters. 

Much of our knowledge and evidence concerning techniques of the past 
is based on the study and careful interpretation of the early manuscripts. A 
long list of such documents could be made; some of them are well known to 
students, and others have received little attention. Most of them have been 
translated into English and critically interpreted by experts, and those 
interested in referring to them may find them among the books listed 
in the bibliography for this section. A good bibliography of early manu¬ 
scripts and books is listed by Laurie,^* although it is to be noted that some 
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of translaiiom mentioned in it have been superseded bj more modern 
ones. 

The painting methods and materials of the Italian Renaissance are 
well documented and the technology of its various schools and individuals 
fairly well established; fresco, egg tempera, and oils. Those of the Northern 
painters are somewhat less well established^ their early records are less often 
in as complete or treatise-like forzn^ the members of their guilds were less 
reatricted by a single, established mode of procedure, end they seem to have 
done more toward the development of new materials and processes. 

Tempera Painting. From crude beginnings in Byzantine and early Chris* 
tian art and, as some early writers suggest, but without deHnite proof, &om 
the andect Greeks, a traditional tempera process came into general use 
throughout Italy. The pure egg-yolk technique was described by Cennino 
Cennini,* in a treatise on painting as practis^ at least as early as the four¬ 
teenth century: it was well established in his day, and his knowledge and 
training in it came to him in direct line from the earliest recorded Italian 
painters. Tempera was the prlndpal medium used for easel painting in 
Europe until the development of artistic oil painting. 

As Eastlake^* eacpressee it, the early Italian painters, though taking great 
cars to produce durable works, made no attempt to lessen executive difh* 
culties, lending rather to overcome such difficulties by superior skill. The 
Flemish and other Northern painters departed from the early Italian 
methods, using new materials, aiming at ease of manipulation, and pro* 
during works technically excellent to a degree imposnble to duplicate by 
strict adherence to the egg technique of Cennlni. These methods and materials 
are supposed to have been initieted about the year 1400 in Flanders and 
thereafter introduced into Italy. The period fnm the beginning of the 
fifteenth century to about the middle of the sixteenth century produced 
tempera paintings ef a high degree of technical excellence, which serve as 
models for the tempera techniques of today. 

At the ssme time (beginning about 140D) new materials began to be 
discovered or perfected. A commercial renaissance began, a result of which 
was the wide distribution and availability of raw materials. Traders brought 
supplies from the Orient, and the manufacture of finished goods on a larger 
scale brought improved qualities and uniformity to materials in common use. 

Linseed oil had been known and used for ordinary decorative and pro* 
tective coatings from the earliest recorded periods of European history, but it 
was a crude, mucilaginous product unlike the well-made material we know 
now as raw linseed however, thinnere such as turpentine were virtually 
unknown. Processes for the purification of linseed oil in the modern sense 
began to be published about the year 1400. 

Distillation was known to writers of the third centiuy A.D., but it was 
not practised commerriaUy until the fifteenth, at which time its products, 
alcohol and other volatile solvents for varnishes a nd paints, began to be 
widely available. 

The aim end taste of the artist end his public should be taken into con- 
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eideration when a study of those changes in techniques is made. Vasari and 
other writers who lived in a day when tempera was becoming obsolete, and 
when the novel effects produced by oils were widely acclaimed, were often 
prone to condemn the tempera tedmique from the viewpoint of the tastes, 
fashions, and styles of their day- Tempera painting was condemned by them 
as inferior to oil becaxise of the very qualitiee which make it appeal to its 
present-day users. 

During the sixteenth and seveuteeuth centuries, some tempera paintings 
were done on canvas, which had been introdttccd with the oil painting tech¬ 
nique, by that time in full swing. Tempera as a universally used medium in a 
high state of technical development may be considered to have become 
obsolete by the end of the sixteenth century. 

In following out any recipes or instructions of former times, even up to 
nineteenth-century methods, it is important to remember that the quaUty, 
character, and nomenclature of many raw materials have undergone changes, 
and to be familiar with the artistic or pictorial aims of the period for which 
the methods were intended. 

The statement, made in accordance with general o^ion, that tempera 
painting became obsolete more than three hiuidred years prior to its present 
revival, is true only so far as its vride general usage is concerned. Examples 
and records of isolated works done with the older materials can be cited for 
almost every age, but these individual experiments had small influence 
either on the general practice among painters of tha time or on the major 
part of the painter's own works. The present revival of tempera owes its 
extent to the adaptation of the technique to the requirements of modem 
taete, since it makes possible effects particulirly well suited to certain modem 
artistic aims which did not exist in the recent past. In the early part of the 
present century it seems to have recsived its greatest impetus in Germany, 
although isolated groups of English and American painters also ^neered in 
its use. 

Some parcel use of tempera by American painters of the early nmetsenth 
century is recorded. Sully^* recommendad that colours be ground in skim 
milk (crude casein). A ground made from skim milk and white load was one 
of his favourites, and he also mentioned the use of colours ground in skim 
milk for underpaintings, carrying this work as far toward completioa as 
possible, then fiziishing with transparent oil and varnish glazes. An emulsion 
of flour paste and Venice turpenrine it also mentioned. 

Oil Painting. All references to the so-called discovery of oil painhng by 
one man or one school of painters in an attempt to And a method that would 
revolutionize art have long been held to be fahadous. The drying properties 
of linseed, poppy, walnut, and hempseed oil were known to some of the 
earliest writers, and instances of their application to paint are found quite 
frequecrtly in early records and in accounts of expenditures for materials. The 
use of su<^ paint, however, was conffned to commonplace or simple decora- 
tire purposes; no traditional methods for work of purely artisric pretensions 
were established until later times. From an examination of the old expense 
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records, wl paint is seen to hare been widely used in England for decorative 
porposes at least as early as the thirteenth century. Eastlakei^ collected many 
of these records. 

When the demand and preference arose for a new type of easel painting 
that could not be produced by udng the pure egg-yolk technique, or any 
other method then is use, the new materials and improved grades of older 
materials were at hand and were applied to produce these ejects. Changes or 
innovaiiozu in techniques are more often attributable to changes in nines and 
circumnances than to deliberate individual creative departures. 

The fifteenth- and rixteenth-ceniuiy paintings innovated by the Flemish 
artists soon after the year 1+00 and referred to by Vasari and other older 
writers u oil paintings were, for the most part, predsely the sort of works 
we call tempera paintings today when referring to tempera in the highest 
stage of its development, and some were produced by employing alternate 
coats of tempera and oily or redoous mediums as in the accepted tempera 
Tariadoos. 

The simple direct process for easel fdctures which is known as oil painting 
did not come into universal use until the seventeenth century, although it 
appears occasionally during the sixteenth. Various individual masters of the 
sixteenth and seventeenth centuries have been cited as bring the first to 
show the complete adoption of this procedure, but it ii hardly reasonable to 
believe that such definite statements ere accurate whan applied to a technique 
which has had a long and gradual development. However, during the seven¬ 
teenth centuiy, the practice of painting fdctures throughout with oils and 
varnishes increased and finally became common. At fim the gesso grounds of 
tempera wera used, and, according to most modern invsstigacort, resinous 
vamiihee such as are classified as glaze mediums in this book, were largely 
mixed with and used in alternate layers with ril paints. After 1700, oil 
grounds and straight oil colours were in almost universal use. Some painters, 
believing in the superior luminosity of gesso as a ground for oils, have con¬ 
tinued to use it down to the present day. Although one of the advantages of 
the oil technique is that it can be used on oil-primed canvases of light weight, 
the more cumbersome wood panels were never entirely discarded^ some 
artists have always preferred their smooth surfaces or superior rigidity. 

The early linseed oil referred to in the preceding remarks on tempera was 
pressed from flaxseed and purified by heating and sometimes by the action of 
sunlight. The two prindpol improvements of the fifteenth century are 
generally considered to have been the adoption of methods of purification by 
mixing the crude oil with water, which removes the impurities and produces 
a superior raw oil, and the wider availability and use of volatile thiuners. 

Drying oils of the early type had been used from very early times as 
occasional minor additions to painting techniques and for protective end 
rimple decorative purposes. They are mentioned by Galen, a medical writer 
of the second century, and on through the medieval redpe books and treatises 
as well as in records and accounts of various decorative projects, but at none 
of these times vrere there established any standard methods of oil painting as 
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applied to purely arUstic work. Stand has a long history and it is beliered 
by most inTestigators that it was widely used by artists of the Dutch school 
during the seventoenth century. 

Studies of the materials and methods used by the individual painters of 
various periods may be found in the works of Eastlake,*^ Laurie,»* »* 
Doerner,®* and others. The flrst-mendoned contains the most complete 
references to early wntingsj the more modern writer* combine the data 
accumulated by earlier historians with material developed by themselves and 
others through studies along more progressive lines. 

Some of the successful and durable, effecu produced by the great painters 
of the early days of oil painting have been attributed to the use of resins 
mixed into the oil point. It is my opiuion, both from experience and from the 
results of other investigations on these materials, that when resins or redn 
varnishes were so used, the most successful examples probably employed the 
simple solution or liquid bolsem type rather than the typo of re^ that 
requires cooking in oil with driers and other chemicsis. Most of the early 
redpes for the use of resins that will not dissolve without being cooked in oil 
wilt generally produce solutions which are inferior in permanence to the 
modern cooked oU and resin varnishes, none of which is considered per¬ 
manent enough for use in artistic painting. 

The Chinese were well acquainted with several kinds of drying oils for 
many centuries and employed them for various technical purposes, bat their 
pictorial an was confined to ink and water-colour tints on paper. A drying oil 
was used as a medium for the varmiUon seal which was impressed by the 
artist on each painting. Their fundemencal ccoceptioos of pictorial irt were 
exactly served by the materials they used, and although in UUr days they 
may have absorbed Western influences end ideas, Western materials have 
always been rejected by them. 

Laltr Periods. During the eighteenth century, and more completely dur¬ 
ing the nineteenth, the knowledge and intelligent nudy of tlie method and 
materials of peinhng fell into a sort of dark age, from which our contempo¬ 
rary painters have no means entirely emerged. Good craftsmanship and e 
thorough knowledge of materials and methods continued to be the concern 
of some painters, but they were exceptions to the general trend. 

The beginnings of the era of great industrial end sdentilic development 
released artists from a number of details of labour indirectly essential to their 
work, so that they began to concentrate their efforts entirely on the plan, 
design, and execution of the work, leaving the preparation of materials and 
Other auriliary work to specialists, upon whom they eventually became 
thoroughly dependent. The first effect of this development on the practice of 
painting technique wee to end the necessity of the artist's le arcing thoroughly 
the laborious hand or small-scale methods of manufacturing his materials. 
Instead of giving the art student some dogree of orgaobed traizung in the 
principles underlying the properties and uses of materials as a substitute for 
the practical experience stressed ic former times, the entire subject was 
eventually ignored. 
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TradiUoiu relative to handling paimiiig materials survived for some time, 
but inssmucli as these were passed on in terms of effect, or *how’, without 
regard for cause or Vhy’, they soon degenerated to a set of fixed rules, and 
by the end of the nineteenth century we find few painters equipped with an 
intelligent understanding of the craft. 

It was a short step from this attitude to the convicUon that too great con¬ 
cern with the fundamentals of technically correct prac^ce would interfere 
with or hamper the free expression of artisdo intentions. The bulk of the 
work produced by men of this behef has become generally, in sJl artistic 
circles, the least valued from a technical viewpoint. 

One of the first results of this decadence was the general acceptance of the 
theory that the great masters of the past had mysteriously and closely 
guarded secreisthrough which they obtained thnr efiects and the permanence 
of their works. Many arUsU of the eighteenth and early nineteenth centuries 
seriously attempted to improve their craftsmanship by continual independent 
study and experimeot, and they worked on their mediums until they 
attsiined fine control and the exsot expression of their artistic intentions but 
failed to secure permanent results ^ a great many of these (dciures have 
deteriorated vrithiu a comparatively short time. This can be attributed to 
misguided effort is the search for the 'secrets of the old masters*. 

Eastlake^* suggests that the word secrets as used in the medieval recipe 
books was not employed in the sense that such information was always 
jealously withheld. There is much evidence that such informauon was as 
freely circulated among members of the craft as rt is today, and that it was 
not until more recent limes, when this resurrected knowledge not possessed 
by the majority had a direct commerdal or competitive value, that it was 
more jealously guarded. 

Almost every writer on the technology of painting points out the fallacy 
of the belief of some painters of the recent past that any close attention to the 
technical derails of ihrir craft would interfere with the free expresrion of 
their intentions, and that by conceroing themselves as little as possible with 
such matters thdr creative efforts are left untrammelled. In one way or 
another, students of technique have shown that the work of the pre-eminent 
masters of the past was produced under condiUons of the most highly de¬ 
veloped crafcsmaztship^ that the artists of the Renaissance made little 
distinction, if any, between their craftsmanship and thrir artistic intentions, 
and showed little concern for aesthetics entirely divorced from craftsman¬ 
ship} that a first-hand knowledge of sound technique is of enormous assistance 
to the painter in enabling him to express his intentions with accuracy} and 
that the knowledge that he has utilized the best possible means to attain his 
ends and to insure permanency brings an increase of confidence. 

I have no doubt that this aciitude during the latter part of the ntneteench 
century bad an effect on the development of art forms; such a point of view 
was bound to contribute certain elements to the nature of the art produced, 
end many of the more dominant personalities who subscribed to it were led 
into coeihods of applying paint which, though unsound from the vievppoint 
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of earUeT} more accomplished painters^ produced certain novel eRecu that 
could bo used to support new arUsdc or aesthetic ainu. Howeverf much of 
the work produced under these circumstances is considered to be of little 
merit by most present-day schools of painting. 

The electric light removed another restriction that tended to keep fn\ 
within the bounds of correct and safe practice. Mention is made in 
this and other books of the ill eHects on permanence of excasalvely thick, 
pasty layers of oil paint sometimes studded by still heavier areas of almost 
modelled impasto. Such paintings would have been impossible in the ere 
preceding our present controlled illumination^ only by mampulation of 
individual lighting can they be made to stand out with all the dash and 
sparkle intended by the painter- When one views a collecti^ of historical 
portrait! in ordinary general illumination, the older ones done in an age of 
lamps or gaslightf whatever their aaethetic value as pcturei, are clearly and 
successfully visible, whereas the type painted in spectacular impasto strokes 
will display annoying blobs of colour and glare. Hot until scientincelly 
adjusted lighting is switched on do these more modern works take their 
place as paintings worthy of comparison with the others. This is alio true of 
another type of work where gloesy retouch varnish has been used for a final 
touching up in spots, to bring out or secure certain proper tonal reltiiouships, 
thus obtaining colour values by manipulation of refraction, absorptioxif and 
reflection of light from smooth and rough surfacee, instead of by the use of 
pigment. Such effects are never very permanent. Oose examination of the 
type of painting which pales great blobs of colour over thick pasty undercoats 
reveals thirty-yeai-old works eo badly cracked that they seam headed fw 
oblivion. No criticism of the artistic value of these works is intended^ but their 
effects, whether one contiders them admirable or deplorable, could have 
been achieved by sounder methods. 

In America there were scarcely any new contributions or developments 
in the field of painting materials and methods, for in the banning the 
tradition was entirely English and thereafter followed the techniques of 
various European schools very cloeely. 

That tempera and other departures from the standard direct oil technique 
were known to some early American painters is avidenti reeearchee among 
the voluminous biographies, lettari, and records of these painty of the early 
nineteenth century would undoubtedly disclose many interesting accounts of 
their painting materials end methods, but they have been ignored because 
of the low esteem in which the mass of early nineteenth-century painters 
have been held, even though some of them show a degree of craftsmanship 
far surpassing the usual level of their time. Dippng into these records hem 
aud there, we find ohservaiionson the relative merits of solid painting and the 
use of glaMs; we see portraits of the 1840's in which glaze effects were suc¬ 
cessfully used both in backgrounds and in feces. This apparently became some¬ 
thing of a lost art in the second half of the century, for the works of that penod 
reveal much less success in the attainment of these effects. Some of the ewher 
American uses of tempera and oU-resin glazes are mentioned on page ^7. 
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In th© p«i, the discovery, or rather the widespread applicauon, of new 
end improved raw materials and techcical methods, almost always coindded 
with the introduction of new art forms. This sutemeni is not meant to imply 
that such material innovations were the deciding factor in the genesis of new 
art forms, but that such materials and methods are ultimately put to the uses 
for which they are inherently best suited. This occurs in the present day, 
when new developments not only in artists' moterials but in all other fields of 
activity are often hrst applied as imitations of older forms, and are not utilized 
to their fullest extent until a new demand or a new concepdon of their value 
arises. 

The chart on page 59, * which shows the influence of various Khools of 
art upon one another, is also a guide to the study of the development end 
interchange of materials and methods used in painting. Modern conditions 
have brought art to a sort of international era in which the works of all 
schools, regions, and historical periods are avsdleble as influences upon current 
developments. This has brought about an eppreuotion and valuation of 
forms and philosophies foreign to our own, and in n similar way, there are 
no known methods or materials used by any other school, age, or country that 
are not available to us if we choose to employ them. 

Relation of Early Methods to Modern Pracu'ce. Tbs artists* interest in 
techniques of the past is neither that of the antiquarian nor that of the 
sdentist, nor are they very often concerned with the precise duplication of 
the technical effects of early painters in order to produce works that will 
exactly imitate their results. They are primarily concerned with learning as 
much as they can about their materials and methods so that their opinions as 
to the durability of works of art may be based on a knowledge of how different 
types of work have stood the test of centurias under all sorts of conditions. In 
analysing the procedures of past ages, which were employed to create effects 
often entirely Sit variance with current artistic standards, we are interested 
in adapting them or their principles to our ovm usee rather then in the mere 
duplication of the old effects for their own sske. 

From the viewpoint of the pracUsing artist all tlie data which have been 
accumulated from the two principal sources (literary research and chemical 
analysis) lead directly to a third aource, which is moat conclusive and valu* 
able^ this lies in the re-creation of these techniques by reconstruction as well 
as by analysis. We know, for example, that the Egyptians used a size or 
water-soluble binder with their coloun^ whether it was gum arabic, glue, or 
milk is of less concern, and a long and careful study into the matter would be 
antiquarianism, not valuable research. Similarly we know that stand oil, sun* 

* Chronologies! ral&tioiuhipt sad geogrsphicsJ srraogemfint sre not shown on 
this chart. The unportence of each period si an inilueace li indicated by the weight 
of the outUne. 

A dotted arrow iodicstes traces; a single arrow, definite but slight influence; a 
double arrow streng; and a triple arrow such influence as to be a dominant factor in 
the period. Arrows running both ways indicate reriproeal influences. In general the 
terou used are in their broadest interpretations; thus, * Romanesque* covers Caro* 
lingian, as well. (Adapted from the Encyclopaedia firtSannsca, 14tK ed., Vol. 17, p. 
526, by permission. 
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thickened Venice turpentine, and sandarac were used alone and in vary> 
in^ mixturee by the Northern painters as far back as the begizuiiug of the 
fifteenth century. Should we wish for any reason to duplicate the effects of 
these painters it matters little which one or which mixture of these materials 
we use so long as we get the results by obeying the simple and generously 
flexible rules for permanence in their application. Laurie, Doemer, Eibner, 
De Wild, and others among the modern writers on painting hare expressed 
definite opinions on these matters; their conclusions may oppose one another 
in minor details, but they are based on more solid factual foundations then 
were possible a generation ago. Whether a little egg was added to sun- 
tHckened oil in any specific case or a lot of Venice turpentine, resins, and oil 
of lavender added to stand oil, is of secondary importance ^m this view- 
p«nt. The experimental painter is able to draw many conclusions from his 
experience, and is in as good a position to analyse old methods by an examino' 
lion of a painting as axe many professional experts. 
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Pigments 


A pgnieDi i5 a finely divided, coloured eubstaace which imparU iu 
/% colour effect to another material either when mixed intimately 
with it or when applied over it$ eurfoce in a thin layer. When a 
is mixed or ground in a liquid vehicle to fora a paint, it 
does not diuolve but remains d^pereed or auapended in the liquid. Coloured 
aubstancea which diaeolvo in liquida and impart their colour effects to mateiiala 
by ataining or boing absorbed are clasaified aa dyes. 

Mateiiala used as artiata' pigmenta have requireznsnta other than colour^ 
the term 'lo^ment properties' ia used in thia book to refer to structural and 
other phyucal properties apart from colour. Powdered matenala winch 
become colourless or virtually colourless in paints are called inert pigments. 

The various methods of painting—oils, water colour, etc.^differ from 
one another in the material with which the colour ia applied and attached to 
the ground; the pigments used are the same in ah, except that a pgment 
which is suitable for one purpose does not always meet the requirements for 
another. 


Body Colouk and Glaza 

Two systesia of colouring may be distinguished in our painting methods. 
One employs comparatively heavy layers of opaque paint or pigment, and 
obtains its white and pale shades by the admixture of white pigment. This 
is generally called body colour. The other employs transparent colours, and 
for whites and pale shades utilises the white of the ground as in water colours, 
or glazee for some effects, os in oils. 

No strict line can be drawn between the two, for the materials and 
methods in general use are not entirely one or the «her. Transparent paint¬ 
ing usually shows some of tho body colour effect, and opaque painting often 
contains some of the other. The two systems may be used together in the 
same painting whenever the phyncal nature of the technique permits, but 
they cannot be mixed indiscriminately, and it must be borne in mind that 
they are two distinct methods of produong colour effects. 


Requirements for a Paint Pigment 

1. Should be a smooth, finely divided powder. 

2. Should he insoluble in the medium in which h is lued. 
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5. Should withstand the action of sunlight without changing colour, 
under conditiona to which the painting might normally be exposed. 

4. Should not exert a harmful chemical action upon the medium or upon 
other fdgmenu with which it b to be mixed. 

6. Should be chemically inert and unaffected by materiala with which it 
ia to be mixed or by the atmosphere. 

6. Should have the proper degree of opacity or transparency to suit the 
purpose for which it b intonded. 

7. Should be of full strength and contain no added inert or loading pig^ 
menta. 

8. Should conform to accepted standards of colour and colour quality and 
exhibit all the desirable characteristics of its type. 

9. Should be purchased from a reliable house which understands and 
tests its colours, selects them from world-wide sources, and can furnish In¬ 
formation as to origin, details of quality, etc. 


ClASSIPICATZON OP PlOMBNTS 

Pigments may be dasdned according to colour, use, permanence, etc. It b 
customary, however, to dassify them according to origin, as follows: 

A. Inorganic (mineral) 

1. Native earths: ochre, raw umber, etc. 

2. Caldned native earths: burnt umber, burnt sienna, etc. 

5. Artiflcially prepared mineral colours: cadmium yellow, zinc oxide, etc. 

B. Organic 

1. Vegeuble; gamboge, indigo, madder, etc. 

2. Animal: cochineal, Indian yellow, etc. 

9, Artihdaliy prepared organic coburs: anilinaa, alizarin, etc. 

Gsnsroi Chan 2 asrutics of Th9^ Groups. Artifirial mineral colours made 
with the aid of strong heat are generally of the greatest permanence for all 
uses, while those requiting delicate or very accurately belanced processing 
are less so. The artificial counterparts of the red and yelbw earths are more 
brilliant and, if well prepared, superior in all other respects to the native 
products. Pigments derived from natural vegetable sources are more fugitive 
and less brilliant than aniline colours. Aniline colours are characterized by a 
great brilliancy and Intensity but for the moat part are unsuitable for per¬ 
manent painting because they are either not light-fast, will bleed in oil, will 
react with other pngments, or have bad physical or pigment-pertide 
properties. 

The native earths used as pigments occur all over the world, but there is 
always some special locality where each b found in superlative form or where 
conditions have been establbhed which permit of its being purified to a 
greater or more uniform extent than b economically possible ebewhere. 
Substitutes for French ochre, Italian sienna, etc., are offered for reasons other 
than the purpose of supplying the beat available product. 
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The natural impuriuea in some red earths are of such a charoser as to be 
harmful i therefore the artificial red oxides ere prefeired to them. The im¬ 
purities or non-colouring constituenu of the highest grades of ochre and the 
other permanent earth coloura seldom present the same disadvantages. 

There is some doubt as to the antiquit 7 pracrice of refining, cal¬ 

cining, or otherwise treating the native earth pigments. Under the name of 
artilioal or manufactured dnnabar, Theophrastus^ described the purification 
and improvement of a fine variety of nanve red iron oxide and noted that it 
was a recent innovation, only 90 years old (fourth century B,c.). All the more 
complete records from Roman times on, show that the procedures of cairina- 
tion and levigation of the native earths was common practice- The identifica¬ 
tion of lagmenls found in andenl relics is not particularly difficult for the 
experienced technician and many studies have been made of them. 

LoAcs. A lake is a pigment which has been made by precipitating or fbdng 
a dye upon an inert pdgment or lake base. The process may he compared to 
that of dyeing cloth and a high degree of skill is required to produce good 
results. Lakes are made in a great range of hues and strengths; when they 
are made in the most concentrated form (predpltated alone, as a dye salt, 
without any base) they are called toners and are not, strictly speaking, lakes. 
Alumina hydrate is the usual base for clear, transparent lakes such as are 
used as glazing colours, in printing inks, etc.; while blanc fixe is the best base 
for those to be used in heavy paints end for timiUr purposes where more 
body or opaQty is required. Cheaper lakes, less clear in tone, are made on 
day, barytes, etc. Green earth is valuable as a base for green lakes, as It is a 
species of day which has a strong power of absorption for dyes. A lake can 
also be made with a coloured pigment as a base. 

The dyestuft in tise are coal tar products, although a few of the older 
extracts of vegetable and animal origin still surrive for some special purposes 
—usually only because of their low cost, for lakes made from modem cod tar 
colours are greatly superior in every paint requirement to those obtained 
from the natural colouring extracts. Prior to the eighteenth century, lake 
usually meant red lake only. The term comes from the Indian lac which is 
described under shellac. Scum or sediment from the dyew* vats, called lacea 
and consisting of dyed particles of shreds, fibres, dust, and ocher impurities, 
was collected and used as a pigment in Italy in early times. 

Redi i Ctd or Colours. GommercaBl pgments are supplied for 

some industrial purposes in grades known as reduced or let-down coloura. As 
a general rule they are condemned for use in artists' paints; none but the 
purest, most concentrated grades available should be selected for use in 
permanent painting. 

A reduced pgment is not ordinarily diluted with inert filler by the 
simple admixture of dry powders, but the inert material is usually intro¬ 
duced during the manufacturing process in the wet stage, thereby producing 
such an intimate mixture that the product has a brighter and lees muddy 
tone than it would have had if the filler bad been merely dfted into or 
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Man Tone and Uruiertone. The full strength surface colour of a pigment 
viewed by reflected light ia called ita mass or top tone? its colour effect when 
it is spread out thinly is called its ujidercone. The undertone is discerned 
when a transparent c^our is spread out on glass and viewed by transmitted 
light or when an opaque colour is used as a tinting colour, diluted with much 
white. Some ^gments have undertones which are distinctly different from 
their top tones {this is apparent in the average alitarin when it is viewed in a 
thin layer on glass held up to the light, or drawn out on paper as described on 
page 94. Some of the aniline reds in use is industrial printing ink colours 
have such bluish undertones that they can be used to produce two-toned 
effects. Other pigments display Ultle or no differences between thwr top tones 
and their undertones. 

List of Pigments 

The following catalogue of pigmenu vriih their deacripiions is a complete 
list for reference purposes. Figments are included whether or not they are fit 
for artists' use, because many inquiries refer to obecure end little-used 
colours; this list is followed by a section of approved pigcnents for the different 
techniques of painting, which in turn is followed by additional miscellaneous 
data on the pigments in common use, arranged according to colour. 

The dates attributed to the older colours have been arrived at by a study 
and comparison of the literature on the subject. Some references are men¬ 
tioned where the dates are obscure. Most of the dates of the more modern 
colours (eighteenth to twentieth csntury) have been obtained directly from 
originsl sources such as contemporary chemical and technical publications. 
There is ordinarily sn appreciable lapse of time between the discovery of a 
material and its introduction to the artist's palette. Lists of dates showing the 
pigments in use in artistic painting during various eras have been published 
in the works of Laurie,** De Wild,*^ Eibner, end others, but none is 
exhauetive. 

Composition of Pigments. It should be noted that the chemical purity of 
pigments varies greatly; some are simple, almost pure compounds as de¬ 
scribed; others of equelly high quslity contain minor components either as 
natural impurities or as the result of ingredients added during manufacture 
to modify colour or pigment properties. Except where these are a ugniflcant 
or characteristic element in the compodtion of the pigment they are usually 
ignored in its description. 

Ntimenclaitire, The nomenclature of ^ments is confusing and iin- 
systemsrtio. They are named for thrir resemblances to objects in nature, for 
their inventors, their places of origin, the purposes for which they are used, 
and for their chemical compoutioris or derivations. 

The prindpal cause of confurion is the labelling of colours with fancy 
names by manufacturers and others, often for some tdterior motive. This has 
caused a single colour to be known by a dozen different names and two or 
more entirely different colours to be known by the same name. Proposed 
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systems of rational cobur aomenclatur© have never made any great head- 

^ a general rule, the manufacturer of a prepared or mixed colour or 
similar material ecdd under a trademarked name or under some indefinite 
de^^n such as ‘permanent green’ or ‘primrose yeUow’, is not at all 
bashful about revealing its true composition when it is made of high-grade 
approved ingredients, because he thereby gets credit for the use of correct 
or ex^nave raw materials, ProducU whose composition is kept secret have 
the disadvantage of being under ausjttdon, 

The name most generally used and accepted by artists and by cobur 
makers has been em^yed in the following Bst to head the descriptiou of the 
colour, regardless of its derivarion, and all synonyms have been made to refer 
to It. A few exceptions have been madej in seme instances where the chemical 
name of the colour is in wide enough use to warrant its competition for 
preference over the still more frequently used common name, ic has been 
adopted^ also names such as viridian and aureolin which unmistakably refer 
to one specific pigment of artists' quality have always been retained. Where 
a name is purely a synonym and the colours are identical, it is entered thus: 
Guignet’s green—Viridian. 

Where the colour is basically the same but is either made by a different 
method or possesses somewhat different properties it is listed thus: 

Casali's green—Variety of viridian. 

Where the variation is suffiaemly important to receive spedfic mention, it is 
either described in its place or mentioned under the main heading a nd listed 
as: 

Scheele’s green—See emerald green. 

The general arrangement of the items in this list is as follows: name of 
the pigment, its chemical identification, description of its colour, estimate of 
its value in permanent painting and data on its discovery and introduGbn 
to the artist's palette. Details of manufacturing processes are more or less 
ignored except where they are a tignificant factor in the description or 
identification of a ^gment. 

Academy blde. A mixed colour^ best grade should be composed of ititra- 
marine and riridian. 

Agetylenbslack- See carbon black. 

Alexandrian blue. Egyptian blue. 

Alxearin blue. Alizarin green. Gear, transparent, brilliant lakes ranging 
from an indigo blue to an emerald green. These colours are not to be used 
for permanent painting, although they are employed in printing inks and 
for other semi-permanent usee. They are similar to alizarin red and violet 
in composition and will not fade readily, but they turn very dark, almost 
black, 00 continued exposure to light. 

Alizarin brown. A rather dull but transparent brown. Its properties are 
identical wHh those of alizarin red. The brown may be produced as the 
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result of an occasional off-colour batch of red. Permanent. See alizarin 
red. 

Altzawn crimson. Auzarin lajlb. Auzawn rbd- Auzawn scarlft. Made 
by dereloping alizarin, an organic product made from anthracene, a coal 
tar derivative. They are permanent, being the only organic pigmentt in¬ 
cluded in most of the approved lists. Made in a rather limited range of 
shades from a rosy scarlet to a maroon, all of them have a characteristic 
bluish undertone and are clear and transparent. They absorb much cdl and 
are slow driers. Will not fade on long exposure to normal daylight but some 
samples show a tendency to become deeper in shade. Unlilce the older 
madders, the modem high-grade alizaiina maybe mixed indiscriminately 
with all the other permanent cobure. See madder lake. 

Auzarin violet, a clear, transparent, briUiant violet which may be made in 
a variety of reddish and bluish shades. Permanent. Properties are identical 
with those of alizarin red. Alizarin and purpurin are two closely allied 
compounds^ the violet contains a larger percentage of purpurin. 

AUZartn tellow. a dull, rather brownish, but transparent yellow. Its pig¬ 
ment properties are the same as those of aliaarin red, except that it is not so 
reliably permanent because grades of highest quality are rare on the 
market. 

Alumina hydrate. Aluminium hydroxide, anifidally produced- A white, 
fluffy, light-weight powder which becomes virtually colourleii and ironi- 
parent whan it is ground in oil. It is widely employed as an inert base for 
lakes, particularly those used in printing inks and in students* grade artists’ 
oil colours. Permanent. Objection to its use in artists’ oil colours is based on 
its high oil absorption and the fact that bacausa of its transparency it does 
not mask or hide the colour of the oil or the subsequent changes such as 
darkening of oil. It is often considered by manufacturers to be a necessary 
addition to some heavy oil pgmenta for artists’ use, because it imparu 
desirable brushing consistency and stability to lube colours. 

American vermilion. A heavy, opaque, coal tar lake, usually made from 
eosine or scarlet dye on a rid load, orange mineral, or chrome red base. 
Not permanent, 'Hiere is great variation of behaviour in different speci¬ 
mens. 

Aniline colours. Made from aniline, a derivative of coal tar. A complete 
range of brilliant lake colours of every type, few of which aro considered 
for use in permanent painting. Some fade out completely and some are 
semi-permanent} for instance, those used in house paints will generally 
last the few years the paint is expected to live, and those for printing inks 
will last as long as is usually required. When kept from too much exposure 
to light the better ones used for printing ink are quite adequate. As a 
general rule, even those of ordinary durability are more permanent than 
the m^ority of the older vegetable coloun. Extensive use dates from about 
1870. $99 New Pigmenu. 

Antimony orange. Antimony vermiuon. Antimony trisulphide. Bright 
colours, permanent to light and other conditions, but having the fault of 
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blackening the lead pgments on account of the free sulphur most spe<a- 
znens contain. The orange is light and bulky, the vermilion somewhat 
heavier j they are rather dull powders in the dry state hut bright when 
mixed with mediums. Obsolete for artistic usej replaced by cadmiums. 
Patented 1847 by Murdock, England. 

Antimony white. Antimony oxide plus about 70% blanc fixe. Preparation 
and properties similar to those of titanium white; similar claims made for 
it by the manufacturers, British trademark: Timonox. Introduced in 1920. 
Permanent, but slightly a^ected and darkened by sulphur fumes. Un- 
necessary for artists’ use. 

ANXtMOMY YELLOW. Naples yellovT. 

Antwerp blue, A pale variety of Prussian blue made by reducing pure 
Prussian blue with 75% of an inert pigment, usually alumina hydrate; 
sometimes contains tine salts. Similar in properties but inferior to pure 
Prussian blue. Not for permanent painting. 

Antwerp red. Light rod. 

Armenian bole. A native red earth; see Venetian red. 

Arnaudon’s green, a variety of chromium oxide green. 

Arsenic orange. Arsenic yellow. See realgar and King’s yellow. 

ARTiFiaAL ULTRAMARINE. $60 ultramarine. 

Asbestine. A species of talc (hydrated magnesium silicate) mined in northern 
New York and used in America as an inert pigment in certain mixed 
paints. Its physical struaure causes it to float or remain in suspension 
unusually long, and when mixed with heavy pigments it tends to prevent 
rapid settling and cakiog in liquid paints. Permanent, but not usually used 
in artists’ paints. Not the sune as asbestos, a silicate of different structure. 

AsfhaltUM. Not a true pigment colour. A blackish-brown solution of an 
asphalt in oil or turpentine. At one period it was extensively used as a 
gla 2 ang colour. Dries badly, causes wrinkling and cracking, and develops 
almost every fault of oil colours, particularly if mixed with other mla and 
colours. Used for scumbling decorative work to simulate age, but not for 
permanent painting. Easily imitated by mixtiu^s of permanent colouie. 
Some asphalts are described on page 587. They have been used for pro¬ 
tective coatings since prehistoric times; their xise in artistic printing began 
with the rise ^ oil painting in the seventeenth century. 

AUREOUN. Cobalt-potassium nitrite. A bright, transparent yellow, per¬ 
manent for water colour, tempera, and oil, especially in glazes and for 
tinting; as a body colour, its top tone is rather dull, muddy, and greenish. 
Supersedes gamboge. Compound discovered by N. W, Fisher, Breslau, 
1830; firtt introduced in the form of a paint pgment by Srint-Evie, Paris, 
1852; introduced in England about 1860. 

AURIPIGMENTUM. King’s yellow, 

Aurora yellow. A v arie^ of cadmium yellow. 

AURUM MUSsrvuM. Mosaic gold. 

A EURE BLUE. Smalt. Azure was a very early general term for blue. Modem 
meaning is usually a sky-blue shade of any composition. 
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Azure cobalt. A yariety of cobslt blue, 

AZURJTE. Nariye basic copper cerfaonate. Kare. Replaced by ultramarinef 
cobalt, arid cerulean bluee. Clear, deep blue. Permanent, but often con> 
tains malachite as an impurity. Its use as a pigment dates from Roman 
rimes, Works very poorly with oil^ was used only in aqueous mediums. 

AZZURO DBLLA MAGNA. Azuflte. 

AzzORO OLTREMARJNO. Ultramarine blue. 

Barium yellow. Barium chromate, A very pale sulphur-coloured yellow 
with a greenish tone. Somewhat transparent in oil but more opaque than 
zinc or stronrium yellows. Compared with rinc and strontium yellows, the 
average barium yellow is very low in tinctorial power, and in appearance 
is like zinc yellow reduced with about 76% of white pigment. Insoluble 
in water. For all permanent painting. Probably first made soon after 
chrome yellow in the lirst quarter of the nineteenth century. 

Baryta orbbn. Manganese green. The term baryta is an obsolete form of 
barium. 

Baryta WHHE. Blanc nxo. 

Barytes. Native barium sulphate, finely ground, washed, and bleached. A 
white powder with no colouring power and practically transparent in oil, 
where it tends to impart muddy tones. Used u an adulterant and inert 
pigment in cheap paints and colours. Very heavy. Use in paints probably 
begin in eighteenth century. See blanc Hxe. 

Benzol BLACK. See carbon black. 

BzRUN BLUE. Prussian blue^ term used eepecially in Prance. 

Bzacca. White lead. 

Bianco SANGIOVANNI. Calcium hydroxide plus caldum carbonate. A A^esco 

white, described on page 25(3. 

BlCB. See Blue bice and green bice. 

Bismuth white. Bismuth nitrate. Obsolete since the introduction of zinc 
white. Had a brief and limited use during the early nineteenth century u 
a leas poisonous substitute for white lead. It is more sensitive than white 
lead to the darkening action of sulphur fumes. 

Bistre. YeUo>vish-brown soot containing wood tar, made by charring beech 
wood. Used only as a water-colour wash. Common variety soon fades^ 
better grades fade more slowly, but it is never a reliable, permanent 
colour. Dates from the middle of the eighteenth century. 

Bitumen. Aspbaltum. 

Black lead. Graphite. 

Black oxide o? cobalt. A rather coarse black powder^ properties are similar 
to those of black oxide of iron, but it is not now in use as a paint pigment. 
Used in ceramic glazes, where it imparts a deep blue colour upon being 
iired. 

Black oxidb op iron. Mars black. Ferro-ferric oxide, approximately 1 FeO to 
S FeaO|. A dense, opaque, heavy colour, absolutely permanent for all uses. 
A native variety also ousts, but it is coarse and not suitable for artists’ use. 
It is comparatively brownish in undertone, wets easily, and is non*greasy. 

^ 42 


LIST OF PIGMENTS 


Useful to replace the carbon blacks when these qualities are required. 
Attracted hj magnet. The modem product is a twentiethn^entuiy 
derelopment. 

Black oxms op manganess. Native manganese dioxide. Seldom produced in 
A finely ground form suitable for pigment use. Its properties axe somewhat 
like those of black iron o>dde except that it is niil more brownish and is a 
powerful drier in oil; its principal use in paints and varnishes is as a raw 
material to prepare driers and drying oils. The native ore, pyrolusiie, was, 
however, used as a pigment in early dviUzadons. Artifldal msaganese 
oxide is described under manganese black. 

Bladder green. Sap green. 

Blanc fdce. Artindal barium sulphate, very much finer and fluffier than 
native barytes; they have the same cberaictl composition but are entirely 
diflerent in ^gznent qualides. Used as a base for the more opaque lakes 
and as an inert lament in house paints, etc., where, if added In proper 
proportions (generally 10%), it is not considered an adulterant, as it ini> 
pans good weatheriz^ qualities. Almost transparent in oil, it is of no use 
in permanent oil painting, but has been recommended as a watercolour 
and fresco white, in whi^ mediums it retains iu white colour and is 
permanent. Introduced in the early or middle ninsteenth century in 
Prance. 

Bleu ciLsn'B. Ceruleen blue. 

Blub asnis. See Bremen blue. 

Blue bice. See Bremen blue. 

Blue black. See vine black. 

Blue malachtte. Azurite. 

Blue vbrditbr. See Bremen blue. 

Bohemian earth. Green earth. 

Bole. Various native red oxides of iron or clays coloured with iron. 

Bologna chalk. SUked plaster of Paris. 

BOLOONA STONE. Barytes. 

Bone black. Made by charring bones. Contains only about 15 to B0% carbon, 
about 60% calcium phosphate, and about 20% cslaum sulphate and 
other impurities, some of which are water^luble. It should not be used in 
fresco or for mortar or cement colouring, os it causes efflorescence. Rather 
fine, light, and fluffy, but somewhat heavier and more compact than 
lampblack. Very slow drier in ml; stands up fairly well, but the use a 
purer black is wiser. Has a brownish undertone as compared to the vine 
black series. Probably dates from Roman times. See Black Pi^menis. 

Bone brown. Similar to bone black. Made by partially charring bones, it 
contains undecomposed animal matter. Not permanent. 

Bougival white. Bismuth white. 

Brazil wood lake. Brazil wood yields a blood-red extract which has been 
used to make dyes and lakes from very early times. It is less permanent 
than the aniline colours which have superseded it except for some few 
purposes where its lower cost is a prime consideration. The South Ameri- 
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can couauy waa named after this product which had long been an article 
of commerdal importance in Europe. 

Bremen blub- Copper hydroxide plus copper carbonate. Produced in a 
number of shades of blue and greenish blue; some delicate and palej some 
fairly deep, all semi-opaque. Poisonous, There are a great many variations 
in the manufacture of this type of copper blue, each product bearing a 
separate name. Their properties are so familiar, however, that in tliis list 
they have all been referred to this heading. Not intended for permanent 
painting, but semi-permanent for other purposes. They have been super¬ 
seded by the cheaper grades of ultramarine for most industrial uses. 
Probably first made early in the eighteenth century, they were widely 
used in the middle of the nineteenth, and continued in diminishing use 
until the twentieth century. 

Bremen Orben. Greenish varieties and green shades of Bremen blue. 

Brilliant scarlet. See iodine scarlet. 

Brilliant yellow. Naples yellow. 

Brokzb blue. Prussian bluo, especially those varieties which have a pro¬ 
nounced bronzy sheen. 

Brown umpblaCk. Bistre, 

Brown madder. Sea Alizarin brown and Madder lake. 

Brown ochre, a dull variety of ochre. 

Brown pink, a brownish yeUow lake of vegetable origin similar to Dutch 

fknk. 

Brunswick blue. A let-down variety of Prussian blue. Large amounts of 
barytes are added during manufacture. Sometimes contains a little ultra¬ 
marine. The name refers to the quality rather then to the exact shades 
most of the regular Pnunan blue shades may be produced in this grade. 
Not for permanent painting. 

Brunswick orben. Chrome green made from Brunswick blue and reduced 
chrome yellow. 

Burnt carmine. Variety cf carmine, deep and dark. Fugitive- 

BURNT OCHRE. Ochre which has been heated in furnaces until it has become 
brick-red. Permanent, but weak in colour compered with the red oxidee. 
See light red. 

Burnt sienna. Bew sieune which has been caldned or roasted io furnaces. 
Compared with the other earth colours, native or artificial, it has the most 
brilliant, clear, fiery, transparent undertone, and its red-brown top tone is 
least chalky in mixtures. Permanent. One of the most lueful pigments in 
all techniques. 

Burnt umber. Made by csdcining raw umbsr. Compared with raw umber 
it is much warmer, being reddish rather than greenish in tone, darker, 
and somewhat more transparent, Otherwise the remarks under raw umber 
apply to it. 

Byzantium purple. See Tyrian purple. 

Cadmium colours. Cadmium orange and yellows are cadmium sulphide; 
cadmium red is three parts cadmium sulphide plus two parts cadmium 
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^wiium an eieraeni whose compounds resemble those of 
sulphur.) These pigments are made in a variety of shades, all bright, rety 
opaque, and permanent. Most modern cadmiums are made by a method 
sUiular to that used for making lithopone and contain barium sulphate 
(cadrmum being a metal closely alUed to ainc, the two enter into simUar 
^einical combinations). These cadmium-barium colours or cadmium 
Uthojwnes are superior in most jagment qualities to the older straight 
cadmium sulphides and all the ^des ars permanent to light, Ty^^cal 
examples of the palest yellow shades contain 62%, end the deepest maroon 
52%, blanc fixe (not as an adulterant; see lithopone). The cadmium* 
barium reds are obtainable in a variety of shades, from a dose match for 
vermilion to a deep maroon. Cadmium red is one of the more recent of the 
permanent colours; introduced by de Haen in Germany in 1907, it came 
general use in England after 1919, though Roberson’s were supplying 
it in 1912, and in America in 1919. The yellows wore introduced com¬ 
mercially in England in 1846, hut it was some years before they were 
widely accepted. There is soma record of thair jxgment use in France at 
least fifteen years earlier, in Germany in 1829, and in America in 1842. 
The salt was discovered in 1817. The cadmiums were slowly adopted 
because of the former scartdty of the metalj now it ia common enough to 
employ in industrial products. 

Cal»D0NIaN 8MWN. A native earth, similar in shade but inferior to burnt 
eienna. 

Caledonian whits. Lead chloro-sulphite. Obeolete. 

Cappaok BSOWN. Native Irish earth similar in shade but inferior to umber. 
Permanent. 

Caput MOHTVum. Obsolete name for a very bluish red oxide of iron. 

Caslson black. Pure carbon made by burning natural gas. An intense, 
velvety, bleck pigment, blanker than most of the other forms of carbon 
such as lampblack, ivory black, etc. Absolutely permanent. Slow drier in 
oil. Used in intense black coatings; not very much as a tinting colour on 
account cf its tendency to show in black streaks even after considerable 
mixing or rubbing with other colours. Acetylene and bentol blacks are 
more intense, softer, bluer varieties than can be made by burning natural 
gas. Invented in America in 1884, carbon black came into wide use about 
1884. Lampblack, ivory black, and all the other varieties of carbon are 
sometimes grouped and referred to as carbon blacks. See Black BigmcaU. 

Cahmine. a furtive lake made from cochineal, a dyestuff extracted from a 
Central American insect. Its European ttse dates from the middle of the 
sixteenth century. Recipes for its manufacture were published as early as 
1656. 

Cahthamz. Safflower. 

CaSAu’s orken. a variety of viridien. 

Cashew lake. Mahogeny lake. 

GasSkl earth, a native earth containing organic matter, similar to Van 
Dyke brown. Not permanent. 
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Casssl green. M&nganeee green. 

Cassbl yellow, a variety of Turner’s yellow- 

CeulOOm green. Green earth. This pigment conUius the mineral celadonite, 
an iron silicate. Celadon means a pale or gre 3 dsh green colour. The 
Chineea celadon porcelain was named for its resemblance to this general 
shade. 

Celestial blub. A variety of Prussian blue, similar to Brunsvrich blue but 
usually made on a barytes base. Contains from 5 to 12% of pure Prossien 
blue. Not for permanent painting. 

Cerulean blue. Cobaltous stannate, a compound of cobalt and tin oxides. A 
bright sky blue, quita opaque. Permanent for all lues. Introduced as a 
paint pigment by G. Rowuey, England, 1670, but knovm as early as 
1805. 

Ceruse. Obsolete name for white lead. 

Chalk. Artificially prepared calcium carbonate in its whitest, finest, end 
purest form, usually called precipitated chalk. Of uc use as a white pigment 
in oil, but when used in glue and other aqueous mediums as a ground for 
oil and tempera paintings, it retains its brilliant white colour. It is the basis 
of most pastels. Hea the same chemical comporition as limestone, whiting, 
and marble, but contains no icnpuriries, and is much whiter, being one of 
the whitest substances in use. Its wide use is apparently recent, dating 
from the nineteenth century. Older referencaa to ^Ik are to native chalk 
(whiting). 

Chamois. Obsolete name for ochre. 

Charcoal. Vine, willow, and other tmgs charred for use as crayons. VVhen 
powdered, charcoal has poor paint pigment qualities. See vine Uack. 
Charcoal grey. Obsolete grey-black powder made from charcoal. Not 
suitable for pigment use. 

CHBseYLiTE. Aturite. 

CHB4TNUT BROWN. Umber, 

China clay. Native hydrated aluminium silicate. So called because it is used 
to make chinaware. As an inert pigment it has a variety of uses{ in coloura 
it serves chiefly as an adulterant. Lakes made on a clay base tend to be 
muddy. Kaolin is a very pure china clay. 

CuiNBEE BLUE. A variety of Prussian blue. Highest quality. 

CwNESB INK. India ink. 

Ghinbse red. Chrome red. 

Ckineae vermilion. Genuine vermilion made in China. 

Chinese white. Zinc white prepared for water-colour use, introduced in 
England in 185a. 

ChjNesb yellow. King's yellow. The name has also been applied to bright 
ochres. 

Chrome OREEN. Intimate mixture of Prussian blue and chrome yellow. The 
blue is made in a tank which contains the yellow, the yellow being used as 
a base. As there are many varieties of each of these two pigments, a great 
variety of greens may be produced. Their properties in generEd are the same 
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as those of the chrome yellows, plus the defects of Prussian blue. Never 
used for permanent punting. 

Chrome orange. Chrome red. Chrome yellow. Lead chromates. A large 
variety of shades, from a pale primrose yellow to a deep orange-scarlet, we 
produced by variations of the process of manufacture. They are opaque 
worh well with oil, and are used in large quantities in cheap paints. Even 
the best grades are not permanent, turning dark or greenish, They may 
also react with some of the other colours. Replaced perfectly by cadmiums 
for artistic use. Introduced 17^7. 

Chromium oxtoe grein- Chromium oidde, An opaque, cool, rather pale 
willow green. Not very strong in tinting power. A very hea?y powder. 
Absolutely permanent for all purposes and conditions, including high 
temperatures. Known since 1809. Introduced commerdally as an anisu' 
pigment in 1862. 

Chrysocolla. a native ^en copper silicate. Like malachite, it was used as a 
pigment in early riviluations. It was replaced by Egyptian green. 

CiNNARAR. Native vermilion j much mferior to the manufactured produa. 
Found in relics of Assyrian and other early culturea. European use of ore 
from Spanish mines dates from an early Greek period. Obsolete. 

Citron Yellow. Zinc yellow. This term is also applied to any pale greenish 
yellow. See remarks under primrose yellow. 

COBAtT BLACK. See black oxide of cobalt. 

Cobalt blue. Compound of cobalt oxide, aluminium (udde, and phosphoric 
add. (Isiution cobalt blue, universally used in cheap paints, is a variety of 
ultramarine.) Bright, dear, nearly transparent, somewhat uoiilar to ultra¬ 
marine, but never so deep or intense, and vrith a comparatively greenish 
undertone. Permanent for ell tuei. Discovered by Thdnard, France, 1802; 
introduced as an artists* colour 1820-50. 

Cobalt green. Compound of cobalt dncate and tine oxide. A fairly bright 
green, not veQr powerful, but qudte opaque. Hoi a bluish undarcone, is 
permanent for all uses, and is made in a limited range of shades. Not in 
wide use. Discovered by Rinman, Swedes, about 1780; introduced as a 
pdgmootin 1855. 

Cobalt ultramarine. Gohn’s blue. A somewhat outmoded variety of true 
cobalt blue made without phosphoric add, generally considered inferior to 
Thdnard's blue. Appears violet under ertiildal light. Permaaent, trans¬ 
parent, clear. This name has more recently been applied to the imitation 
cobalt blue, meutionad under ultramarine. 

Cobalt violet. Cobalt arsenite (French) or cobalt phosphate CEhglish), the 
latter variety to be preferred as non-pcisonous. A clear, semi-opaque pig¬ 
ment made in a variety of shades, bluish and reddish. It was originally 
prepared early in the nineteenth century, from a semi-rare native ore 
yielding a reddisli pigment; later it was made artiEdaliy and the process 
was gradually improved until a real violet was developed. Because most 
cobalt violets contain arsenic it should be handled with caution as a 
poisonous eubetance. Permanent. In use since about 1860. 
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Cobalt yellow. AureoUn. 

COEUN. Cerulean blue. 

CosEUUUM. Egyptian blue. 

Coke black. See vine black. 

CoLCOTHAR- Pure red oxlde^ obsolete term. 

COLOONE EAATH. Cassel earth. 

CoWTANT WHITE. BUncfixe. 

Copper blue. Copper green. See Bremen blue. 

Copper carbonate. Ven antique. 

Core black. See vine black end Spanish black. 

Cremnitz white. High quality corroded white lead made by a nineteenth- 
century variation of the Dutch process, litharge being used as a basic raw 
material instead of metallic lead. See Pigments. 

Crimson lake. A variety of carmine lake. Usually contains a large percentage 
of alumina hydrate. The term crimson origiaally referred to kermes. 

Cyanine blub, a mixture of cobalt and Prussian blues} % \v> the name of an 
aniline dye. 

Cyprus umber. See raw umber. 

Davy’s grey. Powdered slate. 

Derby red. Chrome red. 

Devonshire CLAY. China clay. 

Diamond black. Carbon black. 

DtATOMACEOUS EARTH. A form of sillca or clay, light, fluffy, and absorbent. 
The particles are the remains of plant life ind under the microscope some 
varieties exhibit lacy designs which are the skeletons of their ori^nal 
forms. In use as an inert filler. 

Dihgler’B green, a variety of chromium oxide green. 

Dragon’s blood, a transparent resin of a blood*red hue^ not a true pigment 
colour. It will dissolve in alcohol, benzol, and some other solvents, but is 
practically insoluble in turpentine. Not permanent. Used in Europe at 
least as early as the first century. See Colouted RM^ru. 

Dutch pink. A fugitive yellow lake made from buckthorn (Avignon or 
Persian) berries ^ never intended to be used for permenent painting. 

Dutch white. China clay ^ also Dutch process white lead. 

Egyptian blue. Mixture of copper silicates. Egyptian blue ie the earliest 
known artifidalpigment,datingin Egypt from about3000 B.C. The Cretans 
of the late Minoan period either imported the material or learned the 
process, and Uter it was used by the Romans (see Poztuoli blue). It has 
long been replaced for paint use by smalt (the process of manufacture being 
analogous), which in turn has been replaced by the modern cobalt blues. 
For further description see frit. The true material in improved modern 
pigment form, originating in France or Germany and sold under the 
names of Italian and Pompeian blues, is not ordinarily obtainable here, 
and the bright blue colour of Egyptian faience may be found imitated by 
coal tar colours under these names. 

Eoyttian brown. Mummy, 
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Egyitian- green, a gre«n variety or greenish shade of Egyptian blue. 

Emeraic chromium oxide. Viridian. 

Emerald green. Copper acetoersenite. An extremely brilliant green, the 
only real substitutes for which are the aniline colours. Permanent when 
used alone or with titanium white, if well protected from the atmosphere 
with oil and varniah. Not generally recommended for artists’ use because 
it cannot be freely mixed with other colours and because it is extremely 
poisonous. Discovered by Scheele, Sweden, 1788. The colour called 
Scheele’s green, however, was copper arsenite, an inferior variation, di$- 
covered in 1778 and replaced by the industrial production of emerald green 
during the early years of the nineteenth century. The commerdal process 
for emerald green was introduced in 18l4 in Austria. 

Emeraude green, Viridien. 

Enamel white. Blanc fixe. 

English green. Emerald green. 

English pine. Dutch pwk. 

Engush red. See red oxide. 

English VERMILION. Genuine vermilion made in England. 

Enoush white. Whiling. 

Eschel. a variety of smalt. 

EucKROMS. Burnt umber. 

Fawn brown. Mixture of raw or burnt umber with dark ochre. 

Ferrite. Fbrrox. Menufacturers’ trade ns mas for y alb w oxide of iron. 

Fire red. Not a apecific pagment. Toluidine red, cadmium red, and others 
have been so labelled. 

Flare white. High quality corroded white lead made by the Dutch process. 
See white lead. 

Flame black. Made by burning coal tar, mineral oils, etc., by a process 
which produces a grade of cerl^ inferior to lampblack. Kather brownish, 
likely to contain oily impurities. 

Flemish whits. White lead. 

Florentine brown. See Van Dyke red. 

Florentine lake. Crimson lake. 

Folium. An andeni mulberry colour of various vegetable origins. The terra 
was superseded by more exact names of specific bke colours. 

Frankfort BLACK. Drop block. 

French blue. Artificial ultramarine. 

French chalk. Talc is commonly sold under this nimie in England and 
America. French chalk is neither precipitated chalk nor Paris white, 
which might be suggested by its confusing name. 

French ultramarine. Anifioal ultramarine. 

French Veronese green. Viridian. 

French white. Silver white. 

Frit. A vitreous substance, such as the blue or greemsh>blue glaze on Hgy}^ 
tian faience, made by melting or fluxing siliceous materials with copper 
and other metallic salts which impart colour to the mass. The hue of 
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Egyptian blua friu may be imitated in paints by Tiridian plus cerulean and 
cobalt blues. Tbe green phase was probably the result of overburning the 
blue. The term &it more correcly refers to any melted or fluxed ceramic 
glaze and may be white or colourless, but in reference to paint ^^ments it 
is usually applied to the above material. See Egyptian blue. 

Fuller’s eaatk. A form of diacomaceous earth. 

Gahn’s glue. Cobalt ultramarine. 

Gallxouho. Naples yellow. 

Gallstone. Variety of Dutch pmh, said to have been made from oxgall; 
more often it was a yellow lake prepared from quercitron. Obsolete. 

Gamboos. a native y^ow gum from Siam. Tranaparent. Not a true pagment 
colour. Not reliably permanent. In use from medieval times to the nine* 
taenth century, Superseded by aureolln for permanent painting. See 
Coloured 

Garancine. Garance. Madder lake. 

Gas black. Carbon black. 

Gellert Oreen. Variety of cobalt green. 

German black. Drop black. 

GiALLOUNf. Naples yellow. 

Gmelin’s blue. Artificial ultramarine. 

Golden ochre. Ochre brightened by the addition of chrome yellow. Not 
permanent. See Ochre. 

Grape black. Vine black. 

Graphite. An allotrc^ form of pure carbon. Prindpal uses: lead pencils, 
stove polish, anti^corroslve paint, lubricant. Grayish black, semi*crystallinfl, 
flaky, greasy. Permanent but seldom used as an artiats* pigment. 

Grecian purple. Tyrian purple. 

Green SICS. Green earth; also Bremen green. 

Green earth, a native city coloured by small amounts of iron and man- 
ganeee. Occurs in many localities, the best varieties being found in email 
deposits or pockets. The best European grsides are known as Bohemian 
(pure green tone), Cyprian (yellowish), Verona (bluish), and Tyrolean 
(similarly bluish, but dull). The supply <k the Bnest kinds is irregular. It is 
quite uansparent and of extremely low hiding and tinctorial power; there* 
fore, it is of slight value as a body colour in opaque oil painting, but is used 
in glazes and as a water-colour wash, It was popular in Italy from the 
earlieet recorded times, especially in tempera and fresco painting; it is said 
to have been used by the Romans. It has a peculiarly good absorption for 
dyes and has therefore been used as a base for some green lakes. Permanent. 

Green ultramarine. See ultramarine blue. 

Green verditer, A greenish variety of the copper pigment described under 
Bremen blue. 

Grisaille, a ^gment consisting of a mixture of burnt umber, red lead, and 
quartz, used in stained glass. The term has also been used to describe a 
technique of painting. (Seepage 495.) 

Gulf RED. Persian Gulf oxide. 
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Gypsum, NatiT© caltium sulphate, aa inert jn^ent of little TaJue in <ul 
paints, except as an adulterant. Verj white and suffideutly pennanentin 
water vehicles to he used extensively in the paper and textile finishing 
trades and sometimes to prepare painting grounds. Its presence (dther in 
native or artificial form) in pigments for permanent oil painting is not 
generally approved, as it is somewhat water-soluble, generally contuns 
alkaline impurities, and imparts a biittle hardness to oil films. 

Haarlsm BLU2. Antwerp blue. 

Hansa Y£LL0W. The trademarked name of a dyestuff from which lak^ of 
remarkable fastness to light may be made. See New Pigments. MonoHte 
yellow and Pigment yellow are competitive dyestuffs of the same com- 
poeition. 

Harrison R£D. A trade name applied to several bright cherry reds of the 
lithol and para rod dass. When first made, it was much recommended 
because it was an advance in permanence over the older aniline lakes, but 
it is not suffidantly light-proof to be used for permanent painting. See 
New Pigments, 

Hatchett’s brown. See Van Dyke red. 

Hiavy s?ar. Barytes. 

Holly crun. Green eanh. 

Hoosbr’s or&sn. a mixture of Prussian blue and gamboge. Sold In two 
shades, yellowish and bluish, both of which ere rather olive in tone. Not 
permanent. 

Horace vbrnbt orben. Copper green. 

Huncamak green. Malachite. 

ImpertaL green, Variety of emerald green, reduced with inert pigment. 

Indu tNR. Lampblack and glue binder, carefully made. Various kinds contain 
additions to improve colour end working properties. Permanent. See Inks. 

Indumblub. Indigo. 

Indian lake. Lac. 

Indian red. See red oxide. Formerly this name was applied to e very pure 
native red oxide from India. Early American painters also used the term 
to describe e colour typical cf an earth used by the Indians. 

Indian yellow. An obsolete lake of auxanthic acid made in India by heating 
the urine of cows fed on mango leaves. It was a fairly bright, transparent 
yellow of average tinctorial power, noo-pmaonous, smd was approved by 
most mnetaenth'century invastigaton as a permaneot pigment. Because 
few of the Indian yellows were genuine and many of the semi-permanent 
aniline colours were sold under this name, it had, however, faUen into 
disrepute. The colour has had a long history in India. It seems to have 
appeared in England about the beginning of the nineteenth century as a 
material of unknown origin, and its curious method of production did not 
become knovm until the eighties. Although its chemical composition was 
known before that, the fdgment has never been reproduced or synthesized 
On a commercial scale. True Indian yellow has been absent from the 
market for some time^ its production is said to have been prohibited in 
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1908. At aoj rate, reliable dealers and manufacturers have replaced it 
leith tbe more desirable modem ll^ht-proof lakes such as Hansa yellow or 
by aiareolui. Cheap colours labelled Indian yellow are coal tar products of 
varying degrees of permanence. 

iNDioo. A deep, transparent blue originally obtained from plants cultivated 
in India. A better grade has been made synthetically from coal tar since 
the end of the nineteenth century. It is not entirely light-proof and has 
long been discarded as a permanent artists’ colour. It was used in Europe 
from very early times, principally as a dyestuff. 

Imfusorialeahth. Diatomaceoiu earth. 

Iktsnse glue. Variety of indigo lake. Recently applied to phihalocyanine 
blue. 

loDiNB scAKtBT. Mercury iodide. A vivid geranium red, Eke an aniline 
colour In brihiance and purity of tone, but much less permanent, fading 
rapidly to a palo yellow on exposure to light. Extremely poisonoua. Useless 
as a pigment. 

GHEBH. Sap green. Originally the name of an obsolete lake made from 
th a j oice of iris flowers. 

Iron black. Predpitatod metallic antimony, not in use as a pigment. Also see 
black oxide of iron. 

Ikon blub. Prussian blue. 

Ikon brown. Prussian brown. 

Ikon ybllow. Yellow oxide of iron. 

Italian blub. Egyptian or Pouuoli blue. Name also used for imitations made 
from lakes or for special shades of Bremen blue. 

Itauan baktk. Sienna. 

Italian pink, Variety of Dutch pink. 

Ivory black. Impure carbon. Most (and probably all) ivory black on the 
market is really high grade bone black. True ivory black, carbon made by 
burning ivory acraps, has the same properties as bone black, but is finer, 
more intense, and of a higher carbon content—probably because it is made 
with greater care on account of the value of the raw material. See bone 
black and Black Pigments. 

Jacaranta brown. Burnt umbar. 

lAUNE BKJLLANT. Naples yellow. 

Jaunb d'antimoinb. Nafdes yellow. 

Kaolin. A pure clay, sometimes used as a filler; very similar to and often the 
same as the material aold as china clay. 

Kabslbk yellow. Tumeris yellow. 

Kermbs. An obsolete crimson lake made from a dyestuff of insect origin. 
Used in Roman and medieval times. 

Ksrnbl black. Vine black. 

Kibsblguhr. a variety of diatomacsous earth. 

King’s blub. Cobalt blue; formerly smalt. 

King’s ybllow. Arsenic trisulphide artiilcially made. Originally it was made 
by powdering the native mineral, orpiment. Very bright yellow; opaque; 
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works well in oil. Very poisonous. Not reliably permanent. The natire 
orpiinem is said not to b© poisonous, or at least not dangerously so, and 
was freely used in the earliest dvihiations, These materials, ertensively 
used throughout the history of art, have become obsolete since the intro¬ 
duction of the cadmium yellows. The artificial varieties were probably 
introditced in the early eighteenth century. 

Krbms white. Cremnitz white. 

Lac. Not a true pigment, A reein with a deep, transparent, browaish-red 
colour. Not permanent. Obsolete, having been replaced by alizarin. Used 
since early medieval limes. Described under shellac. 

Laks ease. Both blanc fixe and alumina hydrate are given this name. See 
page 57. See also definicion in the glossary. 

Lampblack. Pure carbon. A fine, light, fluffy powdsr obtained by coUacring 
the soot from burning oils, fats, etc. The most familiar and widely used of 
the carbon black group. Permanent for ell paint purposes. In use since the 
earliest periods. S 99 Biack Ptgm£nU. 

Lapis lazuu. Seeultremarine. 

Lazuunsblvb. Native ultramarine. 

Leap okbbn. Chrome green. 

Leskokbbk. Chrome green. 

Leipzig yellow. Chrome yellow. 

Lbithnseblub. Variety of cobalt blue. 

Lbmok yellow. Barixun yellow. Also a general term in common use for a 
pale yellow shade, rather than a designation for a jMgment of any particular 
composition, and often applied indiscriminately to pale chrome, riztc, or 
cadmium yellows and others. See remarks under primrose yellow. 

I^EYDEN BLUB. Variety of cobalt blue. 

Liokt ElD. This term is rather loosely applied to calcined ochres and the more 
intense pure oxides of the Mars or English red type, but originally it vvas 
intended to describe a good grade of burnt ochre oi a shade between Indian 
red and Venetian red. Permanent, but the native variety not so desirable 
es the pure red oxides, which are cleaner and more powerful. 

Limb blub. See Bremen blue. • 

Litharge. Lead monoxide. A heavy, yellowish powder, obsolete as a paizit 
idgoient, used as a drier in varnish cooking. 

Lithol red. a semi-permanent aniline pigment, bright cherry red with a 
bluish undertone, used in industrial paints and in printing inks^ not for 
permanent pointing. 

LnnOPOHB. Zinc sulphide 50% barium sulphate (blanc fixe) 70%, intimately 
combined by chemical meaju, the blanc fixe being coalesced with and 
becoming an integral part of the pigment, not an adulterant. Greater 
proportions of rinc sulphide do not always improve it. A fine, white, 
opaque pigment which has largely replaced rinc oxide for interior house 
paints because of its good structural properties and its lower cost. Originally 
lithopones had the defect of turning dark on one day's exposure to sunlight, 
becoming bright again after a night’s darkness. Modem methods of mama- 
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factuxe have miTnmiwd tins photogenic property, Init lithopone is usually 
conceded to be unreliebte as an artists' pagmenc, although generally 
approved for use in grounds. Some manufacturers hare added it to artists’ 
zinc vrhite is order to impart opacity or hiding power. Lithopones came 
into wide inditstrial use eaiiy in the twentieth century. Their development 
was gradual^ the first patent (Orr'e white) was issued is 1674. 

Mabo&a laxs. Oiiginelly prepared &om the root of a plant {B 2 dbia tincioi^m), 
but now made artificially from ehzaiin. Beet^quali^ modern alizarin 
colours are superior to the oatiTe product in most respects^ however, some 
very exacting painters claini that the delic^ of the true madders in very 
thin glazes is not exactly duplicated but only approximated by alizarin. 
The name madder is now fre^y applied to the alizarin colours. Madder 
was koown from the eariiast timesi alitarin began to replace it after 1870. 
As dry colours the true medder lakes have almost, but not entirely, 
disappeared from the American msirket. 

Maqsnta. a fugitive lake mede hum fuchsine, as aniline dyestu^. 

Magnesia wtim. A name sometimes eppdied to netive magnesite and some* 
times to the irtificial magneaum carbooate. 

Maoni&ite. Magaerium carbonate used occasionally as an inert ^mam. 
Permanent. Properties amilar to chose of whiting. Calcined magnesite is 
an entirely different materiel^ see pege 4<I7. 

Magnesium caabonatx. Artificially made. Probebly the very whitest inert 
pigment. Sold in two forms: heevy, which has properties amW tr to those of 
predpiuted cbalk^ and light, which is an extremely bulky, light, Qu^ 
powder of the same che oucal composition. 

Mahogany lake, a red or brown lake made on a burst sienna base, not 
reliably permanent. Burnt umber and the deeper shades of burnt sienna 
ars sometimes used es mahogany <al staina, and hence somedmee go by the 
name of mahogany brown. 

MALACHim Native basic carbooace of copper. Pme, clear, yellowish-green. 
Used as a logment by earliest cinUzations. Not reliably permanent. Also 
made artificially. See Bremen blue. 

Manganese blace, manganese brown. Manganese dioxide, prepared arti- 
fiaally. Permanent. Extremely powerful drier in cdl. Not in common use. 
Patented as a pigment by Rowan, England, 1871. The native variety is 
listed imder black oxide ^ manganese. 

Manganese blue. Barium manganate. A permanent greenish light blue 
similar to cerulean blue, but brighter and cleaner. It has long been known 
that a number of such compounds will produce permanent greens and 
blues but few if any have been in fmtical use until the recent intro¬ 
duction of manganese blue (see page 9B). 

Manganese dioxide. Manganese Hyk 

Manganese violet. Made by comHning manganese chloride, phosphoric 
arid, and ammonium carbonau. A permanent violet colour resembling 
cobah violet and having the same general properties. Introduced In 
Germany in 186$. Not ordinarily avsiUble. 
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Mapico colours. Trademarked name of a aeriea of permanent Mara colours. 

Marble dust, Native caldum and/or magnesium carbonate, described on 
page 257. 

Marc black. Vine black, 

Mars colours. Arafidal oxides of iron. The venation in shades and hues is 
due to processes of manufacture. All are absolutely permanent and have 
the same general properties as the pure red addee. Mars hrown contains 
some manganese. Mars black is described under black oxide of iron, Mars 
yellow under yellow oxide. The Mars reds are sold in a number of shades 
from a bright scarlet to a very bliiish variety known as Mors violet, 

Massicot. An obsolete yellow oxide of lead, similar to liihargei usually 
deeper or more pinkish in hue. Never was conridered permanent. 

Mauve, a fugitive lake made from aniline. A variety of very brilliant lakes is 
made in two groups, reddish and bluish. Mauve was the Hrst aniline colour 
produced. Discovered and introduced by Perkin, England, 1856. 

Mercury ysllow. Basic sulphate of mercury. Obmlete, See turpeth mineral. 

MiLORi BLUB. Prussian blue. The term is tuually applied to the purest and 
highest quality grades. 

Mineral black. A name variously applied to graphite, nauve black iron 
oxide, vine blsick, and artificial black oxide. 

Mineral blue. Azurite. Antwerp blue has also been sold under this name. 

Mineral BROWN. Burnt umber. 

Mxnbral OREy. Ultramarine ash. 

Mineral orsen. Malachite. Also Bremen green. 

Mineral lake. Poner’s pink. 

Mineral turbttk. Turpeth mineral. 

Mineral vtolbt. Ultramarine violet. 

Mineral white. Gypsum. 

Mineral yellow. Turner’s yellow. 

MiNETTE. Ckhre. 

Minium, hed lead. The use of this term for this tnatarial developed during 
the h£ddle Agesj earlier, the Komans had apphed it to thrir native 
vermilion, cinnabar, and to a leaser extent, to a rotined red oaida. Perhaps 
because some dnoabar was adulterated with red lead and aold as a cheaper 
variety, the term minium was gradually more spedfically applied to this 
mixture, and eventually to atraight red lead. 

Mrm$ OBEEN. Copper arsenate, a variant of Scheele's green. 

MiTTLER'e GREEN. A variety of viridian. 

Monastral colours. Trademark name for phthalocyanine colours. 

MONOLITB YELUjw, Hansa yellow. 

Montpelier green. Verdins. 

Montpelier yellow. Tumer’a yellow, 

Mosaic gold. Metallic powder of complex composition, principally bisuU 
phide of tin. Formerly used as a cheap substitute for powdered gold. Re¬ 
placed by modembronte powders. 

Moss GREEN. Chrome green. 
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Mountain blits. Azurite; abo Bremen blue. 

Mountain grbbn- See Bremen blue. The name was also formerly applied to 
netire malachite. 

Mummy. Bone ash and aspbaltum, obtained by grinding up Egyptian mum^ 
mies. Not permanent. Its use was suddenly discontinued in the nine¬ 
teenth century when its compoddon became generaUy known to artists. 

Munich laxb. Carmine. 

Myktlb grben. Chrome green. 

Naca&at CAAmine. Best grade of carmine. Obsolete. 

Naples yellow. Lead antimoniate. A heavy, semi^paque yellow, made 
commercially in limited amounts in about ux shades, from a greenish 
yellow to a comparstiTaly pinkish orange yellow. Made artificially since 
at least the fifteenth century. Its history is rather obscure and some of the 
synonyms referred to in this lift are not well established as being identical. 
Cennini supposed it to be a natiTe volcanic earth from Vesuvius. Similar 
antimony yellows have been found in Bab}donian tiles dating back to the 
fifth century B.c. Pennanem, except that the usual precautions for the use of 
lead logments apply to it. Often imitated, especially in the cheaper grades 
of tube colours, ij mixtures such as zinc oxide, cadmium yellow, and ochre. 

Native GKEBN. Nadve chromium oxide. Obaolate. 

Neutral orange. A blended or mixed colour. If pure, should be compceed of 
cadmiums and red oxide. 

Neutral tint. A grcyisb-violet prepared water colour which shoiUd be com¬ 
posed of India Chinese blue, and a smell amount of alizarin. 

New blue. Name applied originally to a variety of cobalt blue which contains 
chromium, but spedal shades of ultratnarine are also sold under this name. 

Nitrate orbeH. A modern blue-toned variety of chrome green. 

Ochre. A native day, which is coloured by iron oxide. Produced in a large 
variety of dull yellow shades. Opaque. Absolutely permanent. The best, 
most carefully washed and refin^ grades come from France. Its use date* 
from prehistoric times. Golden oclua is ochre brightened by the addition 
of chrome yellow and is therefore not a permanent colour. Transparent 
gold ochre is a name used by some artists' material makers for a permanent 
colour which is either ochre nixed with alumina hydrate or a natire ochre 
which is naturally transparent. See YtUow Pi^msnis. 

Oil black. Lampblack. 

Oil green . Bremen green; also a varied of chrome green. 

Oleum white. Litbopone. 

Olive green. A dedgnation which may be in use for any one of many 
mixtures. Applied prindpally to certain chrome greens. 

Orange mineral. A lead oxide, very similar to red lead, but more yellowish, 
paler, and not quite so heavy. reactive in oil and more suitable for 
pigment colour use than red lead. 

Orange versquon. a variety of real vermiBon. 

Orient yellow. A variety of deep cadmium yellow. 

Orpiment. See King’s yellow. 
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OsTBUM. Roman name for Tyrian purple. 

Payee’s GRSY. A mixture of ultramarine, black, and ochre, usually sold only 
as a prepared water colour. 

PanNETIER's green. Viiidian. 

Para red. ParanitraniUne toner or lake. A bright cherry red, iairly per* 
xnanent for industrial use. Bleeds in oil. Its undertone is bluish and lees 
dear than those of other aniline reds. It is not used in permanent artistic 
painting. 

Paris black. An inferior grade of irory black. 

Paris blue. A general term for Prussian blues, term used especially in 
Germany. 

Paris grben. Common name for emerald green, generally applied when ihe 
powder is used for purposes other than pigment—for instance, as an 
insecticide. 

Paris white. See whiting. 

Paris yellow. Chrome yellow. 

Paste blue. Prussian blue. 

Patent yellow. Turner’s yellow, 

Permai.ba. Trade name for a prepared artists' white. 

Permanent blue. Not an acceptable term. Usually applied to spedal shades 
of artindal ultramarine, but sometimes to an aniline colour. 

Permanent green. When prepared by a reliable mauufaaurer, this is a 
mixture of various permanent greens and yeUows in oil or water colour. 
As the artist can oariJy mix these pgments himself and as the products sold 
under such an unstandardited name may be inferior, its use is not always 
wise. However, some manufacturers who use stich nynes state the com¬ 
plete composition on their labels. Victoria green is sometimai called per* 
maneat green, 

Permanent violet. Manganese violet. 

Permanent wfute. Blanc fixe. 

Permanent yellow. Barium yellow. The name permanent yellow is not 
widely accepted as a speciilc term and is no certain guarantee that barium 
yellow is meant} it may refer to some of the semi-permanent cr modern 
light-proof aniline colours. 

Persian gulp oxide. A variety of native red oxide of iron, usually containing 
25% ^ca. 

Persian orange. Lake made of aniline colour on a barytes or blanc fixe base. 
Not permanent. 

Persian red. English red. Also a variety of chrome red. 

Phthalocyakinb blue, a lake made from organic dyestuff, copper phthalo- 
cyanin^^a recent development that has shown a remarkable degree of 
permanence and has been adopted os suitable for artistic use. In order to be 
used in oil it must be mixed with inert lament to overcome the coppery 
bronie of its mass tone and because its tinctorial power when used full 
strength is too great for convenient handling. When diluted, its tints are 
different from those of xiltraioarine or cobalt, more nearly resembling those 
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of PniSAan bluo, but quite distisct in colour qoaHty. It appears rather 
reddiah in concentrated paste form because of its coppejy bronze top tone^ 
but is a comparatiTely greeni^ blue when painted out. In many cases it 
can be used to supplrat the lees dedrable Prusaan blue. Introduced in 
England in 1955 a^ known under the trade name MonaSrat Blue and 
Winsor Blue. See Blut Ptgmaas. 

Phthalocvanink ouen. a green eatie^ of the above. 

Pigment yellow, See Hansa yellow. 

Pine soot BLitCE. A varies of lampblack, pure carbon. 

Plessy's green, a variety <d duomiiim omde green. 

Plumbago. Graphite. 

PoLiMENT. Bole, native red oxide. 

PoMFEMN RED. A variety of Indian red. 

Potter’s fine. Stannic (tin) oxide roasted with various other metallic oxides 
to produce several variations of pure, but sot very intense, pink colour. 
Us^ in ceremio and of interest to freeeo pointer*, who may welcome it on 
account of their limited paUne. Permanent but not of sufBeient tinctorial 
power to he worth in other techniques. Not ordinarily available. See 

remarks on ceramic colours. 

PozEUOU BLUE. Egyptian blua. Attording to Vitruvius, the process was 
brought from Egypt to Pcszuoh in Italy, via Alexandria. 

pozzuou RED. This name is eppUed by fresco painters to a red esirth originally 
produced at Foszuoli (Pute^)—^ apedes of clay or natural cement capable 
of setting to a hard plaster-like mess when mixed with water. Both the 
high-grads aitifidil red eoddes and a native earth of a peculiar rosy shads 
have been sold under this name. The modem fresc o painter is mors 
interested in the hue of PoczuoU red than In its setting propsrties, which 
in fresco might he a defea rather than an advantage. See page 75. 

PlUWROSE YELLOW. The name primrose is generally used to designate the 
very lightest or palest shade of yellow and is indiscriminately applied to 
chrome yellows, yellows, aureolin, etc. The continued xsse of names 
of this type adds to the confusion of pigment aomencleture. 

Prussian blue. Ferric fsnocyanide. Deep greenish-blus, unlike other bluesy 
transparent and of extremely high tiActoriel power. A great variety of 
shades exist, depending on variations in manufecture. The concentrated 
colour baa a bronze sheen. Lerge quantities of the cheaper grades are used 
in commerce. The Bnest grades, which ere rare on the market, are fairly 
permanent except when used in thin coats and glazes, or exceesively 
diluted with white. As regards absolute permanence, Prussian blue is one 
of the ‘border line’ colours. See Blue Pi^menU. It is destroyed by high 
temperatures. A large number of names are given the various shades and 
gra^ j the most generally accepted names iot the best qualities in England 
and America are Chinese blue and Milori bltze. Discovered by Diesbach, 
Berlin, 1704; introduced es a pagmeot about 20 year* later; process first 
made public by Woodward, England, 1724. See Blue Pigments. 

Feu&sian brown. Iron (ferrous) hydroxide (Indian red in its raw or un- 
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burned stale). Formerly made by burniTig Prussian blue. Opaque, per¬ 
manent, but not ordinarily used ae a pigment- Is a powerful drier and is » 
used in the prepararion of patent leather and oildoth oils, where it has 
desirable propertids. 

Prussian grsen. Bninasvlck green, 

Prussian red. English red. 

Pumice. Powdered volcanic rock. A greyish inert pigment sometimes used to 
impart tooth to grounds. 

Pure scarlet. lo^ne scarlet. 

Purer (pwree). Crude Indian yellow. 

Purple of the anoints . See Tyrian purple. 

Raw sienna, a natiTo clay which contains iron and manganese. Best grades 
come from Italy. Absolutely permanent. Colour similar to that of ochre 
but more delicate and less opaque. 

Raw umber. A native earth. Its composition is similar to that of sienna but it 
contains more manganese. A dark brown, its tones vary from greenish or 
yellowish^to violet-brown. Not entirely opaque. Abeolutely permanent. 
Good grades come from Italy ^ the beet grade (Turkey umber) comes from 
Cyprus. See burnt umber. 

Realgar. Native ereenic disulphide^ reddish-orange; pcdsonous. It occure in 
small deposits in edl parts of the world and was used in very early times; 
hae been found in reUcs of most of the primitive dvlUzatiorxi. An artilidel 
variety similar to King’s yellow was also made. Survived until the late 
nineteenth century; now obeolete, replaced by cadmiums. See King’s 
yellow. 

Red lead. Composed of lead monoxide and lead peroxide. A very opaque^ 
heavy, brilliant scarlet red. Its colour darkens on exposure; in dl it brushes 
out poorly. No longer in wide use as an artistic or decorative pigment. 
Industrially, it is widely employed for its physical and chemical properdee; 
it is used in oil as a priming coat for steel and is valued as a powerful drier. 
Was made by the G:^eks and Romans; one of the earlieet artiridal pigments. 

Red ochre. Native rad clay containing oxide of iron, See Venetian red. 

Red oxide. Manufactured iron (feme), FoiO^. Many shades, all brighter, 
stronger, finer, and more permanent than the native producu deecribed 
under Venetian red. They replace the narive iron oxides for moat uses. 
Very opaque, abeolutely permanent. The best grade bluish shades are 
called Indian red; the yellowish or scarlet shades, light red. A very bluish 
or purplish oxide, known as Mars violet, is also made. There is considerable 
confusion in the nomenclature of the red oxides; the terms given in this 
list are those most widely accepted in the dry colour industry. See Red 
Pigments. 

Rihkan’s green. Cobalt greon. 

RjsaloallO. Realgar. 

Roman ochre. Variety of ochre. 

Robe madder. Term applied to a grade of madder or alizarin lake very much 
weaker than the colour sold as alizarin crimson or madder lake. 
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RosBN5nE)n.’s GSLEEK. Mvi^asese green. 

Rose pins. Week, fugitive lake made from Brazil wood. 

ROCGB. Artifidal red oxide of iron» verj finest and smoothest grain, any 
shade. Polishixig rouges mef often be brownish ofT'shadee, unsuitable for 
pgment use. 

Royal blub. A ‘fancy* name which has been Tarimulj applied to smalt, to a 
Tariety of artiBdal ultramarine, and to numerous aniline lakes. 

Royal qrbbn. Cliroine green. 

Royal ji££>. Aniline lake, made Irom eoan. Fades refddly. 

Royal yellow. King’s ydlow. 

RuBBi^s BROWN. A Tariety of Van Dyke brown. 

Rubens uadder. An alizarin red with a bright, cleen, brownish^orange tone. 
See alizarin brown. 

Safflower A fugitive red lake made from dried Rower petals of the saRlower 
plant (CarthamuiDnctontu). This name also applied to zalfer. 

Saffron. An obsolete bright yellow colour obtained from the dried petals of 
Crocus sativus. Fades badly in daylight. Used in Roman times. 

Sandaraca. Some confurion surrounds the early history of this term which 
was used by the Greeks and Romans to dee^be orpiment, realgar, and 
also sometimes cinnaber, the red earths, and a lead oxide yellow. Since 
medieral times, however, the urm sendarac has been appli^ exclusively 
to a Tarsish rerin. 

$A? ORBIN. A lake made from unripe buckthorn berriea. Fades rapidly. 

Satin wkitb. A mixture of aluskina hydrate and gypsum, used in the manu¬ 
facture of coated paper. 

Saturnine red. Red lead. 

Saxon BLUB. Smalt 

ScarlA lake. The old scarlet lakes were semi-transparent compounds of 
cochineal lakes and vermilion} the modem ones are aniline colours made 
from dyestuRs of the same name. Not permanent. 

SCARLBTVERMIUON. VermiUoo. 

SCHBELi’a GREEN. See emerald green. 

SCHNiT zbr’s green. A variety of chromium oxide green. 

SCHWEtNFURT GREEN. Emerald green. 

Selenium rei^. Cadmium red. 

Sepia. Prepared from the ink-«acs of various cephalopodous animals, prind- 
pally the cuttleflsb. Semi-transparent, very dark brown, powerful} may 
be diluted to a variety of tones and shades. Used only as a water colour or 
ink. Not entirely permeoent tohght. See Brown Pi^msnu. 

Shale. See slate block. 

Sicilian brown. Raw umber. 

SiSNNA. See raw and burnt siennas. 

Signal red. A variety of para red. 

StL. The Attic ril mentioned by Pliny was a fine native ochre. 

SiLEX. Silica. 

Silica. Native dioxide} powdered quaro. An inert augment, coarse 
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texture, dq colouring power. Permanent, but not ordinarily employed in 
artistic painUug. Used in grounds and in induatrial mixed paints to impart 
tooth and as an adulterant. Sold in many degrees of coarseness. 

Silver whitb- This name has been applied to so many pigments that it has 
little meaning as a designation for any spedfic white, Manufacturer* and 
writers confer it upon rinc while, modem process whit© lead, and various 
mixed whites. 

Sinope. Sinoper or sinopia. An andent name for all native red iron oxides. 

Sky bluk. Pale artl^dal ultramarine. 

Slate black. Powdered slate or shale, one of the earliest black pigments used 
in water mediums. A rather greyish black with poor opacity and low 
tinting power compared with the carbon and iron blacks. It is still obtiun< 
able, being used for some industrisl purposes, but is always very coarse and 
hss poor physical properties. Its hardness destroys the surfaces of grinding 
mills^ it is, therefore, never ground very fine. Red, green, and grey slate 
powders are also made. Permanent, but of small value u a pigment, A 
shale black containing 15% of carbon is made by calcining bituminous 
shale. 

Smalt. A kind of cobalt blue glass or frit, made by roasting a cobalt ore 
with other ingredients, much as the Egyptian blue frit was made} In 
fact, historically, it is considered a direct continuation of the Egyptian 
colour, the improvement being the subnitution of cobalt for the more 
poisonous and less desirable copper. Cobalt has bean found as an ingredient 
in various ancient blue ceramics, and also as an accidental impurity in 
the copper blues, but pigments derived from cobalt ores were a Northern 
innovation. During the height of its importance, before the iotrO' 
duction of artiHcial ultramarine, smalt was most carefully made in 
a number of standard grades, but today it finds only a limitad use 
in ceramics end as a sign-painters’ material. Its faults ware iti coarse¬ 
ness, its lack of tinctorial power, and the presence of alkaline impurities. 
It dates from the middle of the seventeenth century^ prior to that, 
according to Laurie,** the name simply meant a frit or ceramic glaze of 
any colour. 

Smaragd green. Viridian. 

Snow whits, ^c oxide. 

Soluble blue. A variety of Prusrian blue which dissolves in water. Used for 
ruling lines on writing paper end as a laundry blue. 

Spanish black, Charcoal made from cork^ also slate black. 

Spanish brown. Burnt umber. 

Spanish rbd. See Venetian red. 

Sfanibh white. Paris white in lump form. This name was also formerly 
applied to the now obsolete bismuth white. 

Steel blue. Prussian blue. 

Stone green. Green earth. 

Strontium whits. Both artificial and native strontium sulphates have the 
same properties as bUnc fixe and barytes, strontium being an element 
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d(^\j resembling barium. Entirely supeiseded by the barium whiles, 
which are much less expenave. 

^TKO^M YELLOW. Strontium chromate. A pale, bright yeUow with a 
rather greenish lone, reiy similar to tine yellow, usually brighter and 
somewhat more opaque. It is insoluble in water and permanem for most 
paint pu^oses. More ezpensiTe than tine yellow. Although the compound 
has long been known, its application to pigment use is rather recent. 
SUEUMEC LEAD. A beric lead sulphate which contains zinc, A dense 

while many of the characteristics of flake while hut inferior as regards 

low oil absorption, bruabiiig qualities, colour, and sul^ty in minures 
other p^Mts. It eurpamas flake white in opadty, is not so poisonous. 
Mourns dark leas readily on exposure to sulphur fumes. See FHitig Pig. 

SCNPEOOF WLOOlW. The word sunproof indicates e modem aniline colour 
and u hkely to denote one of the recently dereloped and improved lakes 
difcussed under Ntw Pigffwtu. It is a manufactuwi’ descriptive term 
»tfaer than the name of a specific pgmeoi. 

Swedish oeeek. See emerald green. 

•iHote UMd for in dipp«r, or (Mp, effect end •• 
a filler lor venous industrial purposes. 

Terea alia. Gypsum. 

^ pgmeni composed of burnt umber, red oxide, and 
ID va^g p^-oportionsi bajytes, zioc oxide, or Uthopone may replace 
the chalki the colour u intended to imitate the natural reddUh colour of 
terra cotta clay. 

Tmm MUUTA. Fugitive yellow lake made from saffron or curoume root. 
Obeolate- 

Terra omers. Kaw umbar. 

Terra rosa. Venetian red. 

Terre viatb, Green earth. 

Th^ard*s blve, True ubah blue. 

Timomox. See antimony white. 

Tin white- Stannic (tin) oxide, uaed to produce an opaque white in ceramicsi 
DOtapaiatpgmeni. 

TtTANJVM GREEN. A dart green, analogous to Pruasitn blue, made with 
tiiamum or a mixture of iroo and titanium compounds instead of with 
pure iron salts. Not in usej pitiably never made commercially. 

Tn^MUK OXIDE. Titanium dioxide. An extremely dense, powerful, opaque 
whte of bigh refractive index and great hiding power, Absolutely 
peraanent. Properties known since 1870 or earlier, but not successfully 
^uc^ m a pure white grade until IPI^ in Norway and America. See 
Pigments. 

Titanium pigment. Titanium dioxide 25%, Wane fixe 75%. Compodtioa 
similar to t^t of Uthopone. Opaque, permanent. See fHuiePigtmnU. 
Tit^outo. Trademarked name for a composice pigment, titanium white 
plus Uthopone. Suitable for use in grounds. 
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'Htanox. Trademarked name for titanium whites. 

TOLuiprNE RED. Paratoluidine toner. Biilliant, rather yellowish fire-red. One 
of the more permanent of the aniline colours. Used in industrial paints, 
hut not for permanent painting. 

Transparent copper green. An obsolete fused copper re^oate used in 
medieval times. Seepages 14S-9. 

Transparent gold ochre. See ochre. 

Transparent oxide of chromium. Viridian. 

Turbith. Turpeth mineral. 

TUREEY BROWN. Raw umber. 

Tureey rid. Native red onde. (Alio applied to madder-dyed textilei.) 

T(JRN3Ull*s blue. Potassium ferrous ferricyanlde. A little-used variety of 
Prusuan blue. 

Turner’s yellow. Lead oxychloride. Obsolete. A variety of shades from 
bright yellow to orange were formerly made. Judging by the ettention 
given to it in books of the early nineteenth century and by iu large number 
of synonyms, it was used to a considerable extent. Not permanent; turns 
black. Patented by James Turner, England, 1781. 

Tu RPETH mineral. B atic sulph ate of mercury. Bright yellow. Not permanent; 
turns black. Highly poisonous, Not in use. 

Turquoise BLUE. Manganoie blue. 

Turquoise green. Compound of aliuniaiuxn, chromium, and cobalt oxides. 
A rather pale, clear green of very bluish tone. Permanent for all uses. 
Quite rare and expensive; imiuted by colours which do not resemble it 
very closely. Finds a small use in ceramics. 

Tuscan red. a rich maroon lake made on a red oxide base. When escpressly 
stated to be composed of alizarin and Indian red, it is permanent; other¬ 
wise it always contains aniline colours and inferior earths. This iqgment is 
employed principally for industrial purposes. 

Tyrian purple. The celebrated imperial purple of the Romans and thet used 
by the Greeks and other ancient peoples was prepared from the sheUlUh 
Murex truncuUs and Murtx brandaris. In 1908, Friedlaender discovered 
that the colouring matter of the anrient purple was identical with a purple 
coal tar colour that hod been introduced in 1904. Neither this particular 
coal tar colour nor the murez purple is in use today because other purples 
superior in every respect can be made at lower cost. According to Pliny, 
the most desirable shades of murex purple varied from the reddish or 
pinkish to the bluish or violet, according to the fashion of the times, end 
pigments made from it were used principally as glazing colours. The bluish 
shade was also known as Byzantium purple. 

Ultramarine. Originally this pgment was made by grinding a semi¬ 
precious stone, lapis lazuli, and piuifying it by a complex and difficult pro> 
cess, thus removing all the grey rock with which it is usually associated. 
Genuine or lapis ultramarine is a rich, deep *true blue* of practically 
uniform hue. It has been found in Assyrian and Babylonian relics but only 
as a decorative or predoue stone. Its European use as a ^agmant began in 
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the twelfth century^ it has always been one of the coetUeft and most 
pre^us of painting matehals. Lajds lazuli occurs in Persia, Afghanistan, 
China, Chile, and a few other countries^ it is more often found in the form 
of blue parucles and veins scattered through a grey rock than in the solid 
pieces which are used in jewellery and ornaments- Investigators believe that 
laps is the sapphire of the Bible and other early writings, including those 
of Theophrastus and Pliny. Since 1828, the ultramarine of commerce has 
been an artificial product made by healing clay, soda, sulphur, and coal in 
furnaces; the colour of the resulting compound is attributed to colloidal 
sulphur. Best grade ultramarines are poduced in a wide variety of shades, 
from that of the true ultramarine blue to imitation cobalt and turquoise 
shades which are comparatively greenish. The pigment called green 
ultramarine is a rather dull colour with properties the same as those of 
ultramarine blue) it is produced during the manufacture of the blue, and 
may be considered unfinished ultramarine blue; it is not widely used. All 
pure ultramarine pgments and venations are equally permanent, but 
many inferior and reduced grades are made for industrial uses. Ultra¬ 
marine is semi-transparent) it works poorly in oil, where it tends to yield 
stringy instead of buttery pastes. It is entirely permanent for most uses, 
induing high temperature processes, but is easily ejected and bleached 
by very weak acids and arid vapours; the same is true of the native lapis, 
After several independent discoveries concerning the nature of the product 
and the method of its manufacture, it was first produced commercially in 
France by Guimet in 1828, and the pigment was used by aruits in Paris. 
In the same year the proceaa was published by Gmalin in Germany. 

Ultramarine ash. A delicate blue-grey pigment of slight rinting power. 
Conusta of lapis lazuli mixed with the greyish rock with which it is found 
in nature. Permanent, but of limited value. 

Ultramarine orien, red, violct, tellow, etc. By variations in the in¬ 
gredients and process, ultramarine pigments of many hues can be pro¬ 
duced. They are all very pale and of alight tinctorial power, and although 
they equal the blue in permanence and resistance to heat, they find far 
fewer applications in painting processes. The red and violet are pinkish and 
lavender colours, their use in oil limited to glazes and pale tints; in aqueous 
mediums they are somewhat more useful. Their phy^cal, chemical, end 
j^ment properties are similar to those of the blue. Barium yellow was 
formerly misnamed yellow ultramarine. 

Umser. See raw umber and burnt umber. 

Uranium tellow, Uranium oxide. A permanent, expensive colour xjsed to 
some extent in ceramics. Obsolete in paint use. The typical uranium 
colour is a traasparem yellow with a green fluorescence. 

Van Dyke brown. Native earth, composed of day, iron oxide, decomposed 
vegetation (humus), and bitumen. Fairly transparent. Deep-toned and lees 
chalky than umbers in mixtures. One of the wnrst driers in oil. Some 
spedmens fade, and in oil this jugment always turns dark, cracks, and 
causes wrinkling, exhihlting the same defects as asphaltum, but to a 
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somewhat lesew degree. Not for permanent oU painting. Some of the 
light-proof grades may be used in water colour and pastel. Dates from the 
seventeenth century. 

Van Dyks uzh. Copper (cupric) fcrrcM^anlde. A poisonous colour with a 
wrnposmon similar to that of PrussUn blue, copper replacing the iron. It 
IS fast to light, but blackens when exposed to sulphur fumes. Brownish red, 
^dtsh violet, or reddish brown shades can bo made. Not in voiy wide use 
rhe brown shades are known as Hatcheii’s or Florentine brown. 

VgGETABtB VIOLBT- Bright violet lake made from logwood. Very fugitive. 

Vblvet BROWN. See fawn brown. 

Venetun red. Originally a native earth containing 15 to 40% iron oxide 
the present commercial material is artifidally produced like the pure red 
^des, but from 60 to 65% caldum sulphate is added during iu manu- 
fatture- Although frirly satisfactory as a permanent colour, the calcium 
sulphate it coniaias is liable to cause trouble in oil, and for artists' use it is 
best replaced by artifidal bright red oxide, which is purer, stronger, and 
bnghwr. A bluish shade of native iron oxide, comparable in hue to Indian 
red, is known as Spanish red. Venetian red is an average drier in cal, but 
produces a very hard and brittle film. See JUd Pi^m^nu. 

Venice red. Venetian red. 

Vbrdea 221 (;ro. Malachite. 

Verderamb. Verdigris. 

VsRDET. Brilliant, dark green crystals of copper acetate^ soluble in watery 
p^onous^ formerly made in the south of France and used in water-colour 
painting. Permanence doubtful 

Vbrdetta. Green earth. 

Verdi VEBStB. Sap green. 

VEROIOR18. Hydrated copper aceute. Light, bluish green, permenent to 
light, but unreliable for painting. Reacts vriih some other ;^gnienti and is 
affected by them and by the atmosphere. Obsolete, Dates from Roman 
times; one of the early artilirial pgments. Was still used to a limited extent 
during the nineteenth century. 

Vermilion. Mercuric sulphide. A very opaque bright, pure red which 
works well in oil. It is the heaviest pigment in use. l^ratically permanent, 
some grades are liable to turn black. This change is a reversion to a black 
form of mercuric sulphide, the cause of which is still a m yster y after 
years of study. Best grades are made in England, France, and Qaua. 
In oil painting it will not react with other permanent colours, includ¬ 
ing white lead. Recently largely supplanted by cadmium red, Vermilion 
was used in China at an early date. Earliest European date is about 
the eighth centiuy; prior to that time, the inferior native ore, ciiinabar, 
was used. 

Vernalk. Name given by the Society of Tempera Painters to a ceramic pg- 
ment formerly sold as Victoria green. Made by heating chalk and viridian. 
Permanent. Not ordinarily available, 

Vernbt green. Bremen green. 


I 
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Verona brown. Burnt green earth. Traneparent, but somewhat less so than 
green earth. Permanent and useful. Supplies of the dry colour vary in 
shade and are not always available. 

Verona oreen. See green earth. 

Veronese green. Because this term has been so loosely applied to emerald 
green, Verona green earth, viridian, and chrome green by tube colour 
manufacturers, it has Utile meaning. The colour of the usual material sold 
under this name resembles a rather pale viridlan. 

Vert antique. Copper carbonate. Pale green. Permanent only if used alone 
and well bound in oil or varnish. Its principal use is for stippling over a 
brown undercoat to imitate the patine of copper and bronte, with which 
it is chemically identical. 

Vert bmeraude. Viridian. 

Vbbtorian blue. Egyptian blue. 

Victoria green, a mixture of 80 parts of viridian, 40 pans of zinc yellow, 
and 10 parts of barytes, gypsum, Uthopone, or zinc oride. The cheaper 
grades are likely to contain inferior colours and additional liller. The name 
is not a reliable designation. See vemalis and permanent green. 

Vienna blue. A variety of cobalt blue. 

Vienna green. Mittis green. 

Vienna lake. Carmine. 

Vienna wnttb. Chalk made by air-slaking lime, as in the production of 
bianco sangiovanni. Used more as a polishing powder than as a pigment. 

Vine black. Mads by calcaniog selected wood and other vegetable products. 
This pigment and the other blacks referred to it are members of a group 
of rather impure forms of carbon made by burning selected, but rather 
second-rate materials of vegetable, animal, and petroleum orig^. They 
all have bluish undertones and when mixed with whites will produce 
blue-grays. They are inferior to the lampblack group in intensity and pig¬ 
ment properties. While these materials are probably permanent enough 
for most practical uses, it is wissr to select one of the purer forms of carbon 
as listed under Bhck PigmsTUt. The vine black group should not be used in 
fresco or to mix with cement, mortar, etc., because of efflorescence from 
the water-soluble impurities which they always contain. 

Violet carmine. A lake made from the c^ouriug extracts of a tropical wood. 
Fairly clear, very reddish, transparent violet. Very fugitive, it first turns 
brown, then colourless. 

Violet madder laeb, Alizarin violet. 

Violet ultramarine. Ultramarine violet. 

VUUDE ABRIS. Verdigris. 

VnuDXAN. Hydrated chromium hydroxide. Very bright, clear, transparent, 
cool emerald shade; absolutely permanent except when roasted to more 
than a dull red heat, when it is converted into the anhydrous chromium 
oride green. First made by Pannetier and Binet, Paris, 1858, as a secret 
product; introduced to artists, and the process first published by Gtugnet, 
Paris, 18S9; available in England, 186B. 
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Weld. An obsolete yellow vegeteble colour (luieolin) obtained from Hertda 
luiiola. 

Write eaxth. a pure white clay whose general composition and physical 
characteristics are the same as ^ose of green earth. Not the same material 
u Urra alba. It is highly absorbent to dyestuffs and therefore finds a 
limited use as a base for certain lakes. 

W^B LEAD. Basic lead carbonate. The best variety of corroded white lead 
is made by the so-called old Dutch process. A fine white colour} works well 
in oil, with which it forms a smooth unctuous mixture. Its defects are its 
poisonous action if taken internally and its property of turning brown 
when exposed to sulphur fumes. Very opaque} absorbs less than any 
other heavy white pigment. Suitable for artists' use only if well protected 
by oil, varnish, or overpaintiog} under these conditions it is absolutely per¬ 
manent. It should not be used in other mediums. The best quality is not 
darkened by mixture in oil with other weU-made permanent colours. In 
use unce the prehistoric Greek period, second to Egyptian blue in the list 
of earliest artificial pigments, it was the only white oil colour widely 
available to artists until about the n^dle of the nineteenth centuzy. Its use 
was not greatly diminished by substitution of newer whites until about 
1910. See ff'hiu Pigments. 

WKiTiNQ. Native calcium carbonate, groimd, washed, and refined. An inert 
pigment of considerable bulk, of use in oil painting only as an extender 
or adulterant. When ground in oil to a stifi parte, it does not retain Its 
white or creamy-white colour, but the paste is yellowish brown and forms 
the familiar plastic cement known as putty. When used with aqueous 
mediums end glue sizes it retaiiu its whiteness} it is valuable for sut^ pro¬ 
ducts as gesso, etc. The best grsds is known as Peris white} the second best 
(usual paint store variety) ii called 'Extra gilder's^} and a third grade, used 
mainly for putty, is called 'Commercial'. See chalk. 

WmsoA BLUE. Phthslocyanine. 

WoAD. Blue woad dyes were made from a plant which was cultivated in 
England from very ssrly times, and the colour was used as a pigment to 
some extent until it was replaced by the more satisfactory indi^. 

Yeast black. See vine black. 

Yellow CARMINE, a yellow lake of vegetable orient olive tone, transparent} 
very furtive- See Dutch ^k. 

Yellow laxe. Transparent yellows from aniline dyes} some are vety fugitive, 
others are semi-permaneui. Made in a variety of shades} used principally 
in printing inks. Beplaced by aureolin for artists’ use. 

Yellow oxide of iron. Artificially produced by patented processes, this pog- 
meut is permanent for all uses except at high furnace temperatures, when 
it is likely to be converted into red oxide. It is made in a hmited variety of 
shades corresponding to those of the natural ochres which it replaces, but it 
is always more brilliant than ochre, end has much greater tinting power. 

Yellow (^.t^amaainb. Ultramarine yellow. Also obwlate name for barium 
yellow. 
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Zaffer or zaffre. ParUally fini&hed smalt^ smalt in a stage before its ^nel 
process. 

2iNC CHROME. Zinc yellow- 

ZiNC GREEN. Cobalt green. Also a mixture of zinc yellow, Prussian blue 
(steel or MUori, not the reddish shades), and baiytes. 

Zinc oxide, white. 

Zinc white. Artists’ name for pure zinc oxide. This material is used in 
painting because it does not hare the two defects of flake white (it is not 
poisonous and it does not darken on exposure to sulphur fumes). It has 
much less biding power tlian white load, being only slightly better than 
•emi'Opaque. First made and sold in France toward the end of the 
eighteenth century^ introduced commercially in America during the first 
quarter of the nineteenth century; successfully made in a large-scale 
industrial manner in 1845; began to be accepted es a general industrial 
^gment amund 1660; but not vary widely adopted by artists as an oil 
colour until the twentieth century. However, under the name of Chinese 
white it was almost immediately put into use as an ardists’ water colour; 
one English firm has hod it on the market es a prepared water-colour white 
since 18S4. See Whitt Pigments. 

Zinc yellow. chromate. A pele, senr-opaque yellow with a greenish 
tone. Persanent, but best grades are rare. Eather pnsonous. Somewhat 
soluble in water; therefore generally considered to be not so good as 
barium and strontium yellows for artisci’ use. Some of the best and palest 
primrose shades contain much zinc oxide; few are the pure chromate. 
Introduced early in the nineteenth century. See Yelhuj PigTnMZs. 

ZiNNOfiSR. Vermilion. When the term zinnober is applied to any other cobur 
—for instance, to chrome green—it is being used merely as a fancy name 
for aui inferior product. 

Zircon white. Zirconium oxide. Used to impart whiteness and opauty to 
carasuc glazes; not in use as a paint pigment. 


Permanent Palettes for Various Techniques 

Although any and all of the pigments in the following lists may be used, 
many will be found to be superfluous on a working palette. While a painter 
will naturally hare bis preferences for spedfic pigments, some p^ments, 
although definitely separate colours with varying properties, are so closely 
related to each other that more then one will seldom be required in the same 
pcture. These families or groups have here been printed on a single line. An 
asteriskC) denotes little-used pigments of minor or occasional value. 

Pigments for Oil Paintings 

White. Zinc white. 

Flake white. Cremnitz white. 

Titanium oxide. Titanium pigment. 
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Black. Lampblack- Ivory black. Carbon black. 

Black ozido of iron (Mars black). 

Red. Cadmium, light. 

Alizarin red. 

Burnt sienso. 

Light red. Bright red oxide. Indian red- Mars red. 

*Cadmium, deep. Cadmium maroon. 

Blue. Ultrainanne blue (all ehades). 

True cobalt blue. 

Cerulean blue. 

Phthalocyanine (Monaetral) blue. 

Green. Viridian. 

Chromium oxide. 

Phthalocyanine green. 

•Green earth. 

•Cobalt and turquoise greens. 

•Ultramarine green. 

Yellow. Cadmium, pale. 

Cadmium, medium. Cadmium, deep. 

Cadmium orange. 

Naples yellow. 

Mart y^low. Ochre. Traniparent ochre. Rav^ sienna. 

Aureolin, 

Stronrium yellow. Barium yellow. 

Violet. Alizarin videt. Cobalt vicdet. Manganese violet. 

Mars violet. 

Brows. Rew umber. 

Burnt umber. 

Pigments such os green earth and ultramarine green, red, or violet, which 
have low dnctorial power, are valued more as glazing colours then as opaque 
body colours^ several other permanent but very weak pigments have been 
omitted. The imitation cobalt bluee and turquoise greens, which are special 
shades of ultramarine, are just as permanent and have the same physical 
properties as ultramarine blue. 

Flake or Cremnitz white, Naples yellow, Prusrien blue, and emerald 
green may be employed in permanent oil painting if speoa! precautions are 
observed, as mentioned in the genersJ list and in the remarks on the various 
^gmonts which follow this section. 

Fleko white and Naples yellow are best used in underpainting or well 
locked in from atmospheric action by varnish films. Cleanliness must be 
observed in handling them in order to prevent lead poisoning. When well* 
made lead pigments of high quality are used they may be freely mixed with 
the rest of the permanent palette^ $ulphur*bearing pigments, such as the 
cadmiums and ultramarine blue, will cause them to darken in oil mixtiuea 
only when poor or badly washed materials are used. Both Bake white and 
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Naples 7 ellovr here such highly desirable characteristics that they are widely 
used despate their defects. 

Emerald green, howeTer, is a highly poisonous substance, and will turn 
black when mixed with any of several other pigments, when in contact with 
metels, and when exposed to the air, but it remains is limited use because its 
peculiar bright groan csmnot be easily duplicated by other pigments. When 
it must be used, it should be either painted full strength or tinted with 
dtanium white, and well isolated from contact with the other jngmente of 
the painting. 

The pure iron oxide reds are referred to under Red Pigmertxs. Indian red 
has a bluish or rose undertone, and light red, a comparatively yellowish or 
salmon undertone. It is diRlcult to set down definite comments on these 
materials because of their confused nomenclature. In oil paints these two 
products should be used in preference to the native earth reds and also the 
artificisl product, Venetian red, all of which are usually inferior. For the 
same reason vermilion, zinc yellow, vine black, and bone black, which are 
perhap durable enough for the majority of uses, should not be used, 
since they can be replaced by more trustworthy pigments of equal colour 
value. 


PioMflNTs FOR Water Colour 

None of the pgmenti which contain lead or other eubetances which are 
chemically affected by exposure to the etmosphere, may be used. Arrange¬ 
ment of the following Ust is the same as explained on page 68. 

White. Chinese white. 

Tiunium oxide. Titanium |»gmeat. 

Black. Lampblack. Ivory black. 

Mars black. 

Rad. Cadmium light. 

AUzarin red. 

Burnt sienoa. 

Pure iron oxides. (Indian red, Light red, Mars red.) 

♦Ca dmi um medium, deep, and maroon. 

Yellow. Cadmium, pale. 

Cadmium medium. Cadmium deep. 

Cadmium orange. 

Mars yellow. Ochre. Transparent ochre. Raw sienna. 

AureoUn. 

Strontium yellow, Barium yellow. 

Blue. Ultramarine (all shades). 

True cobalt blue. 

Cerulean blue. 

Phtbaiocyanine (Monastral) blue. 

Green. Viridian. 

Chromium oxide. 
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PIGMENTS FOR WATER COLOUR 
earth. 

Phtbalocyajune greea. 

•Cobail, turquoise, and ultramarine greeas- 
Vioiet. Cobalt Tiolet. Mang;aneae violet. 

Alizarin violet. 

Mars violet. 

Brown. Raw umber. 

Burnt umber. 

Alizarin brown. 

■Verona brovm (biOTii green earth). 

The weak or low tinctorial permanent colours, such ae green earth, ultra¬ 
marine ash, ultramarine violet, etc,, are more useful in water colour than 
they are in oil, and some painters make continual use of them} but they are 
hold to be unnecessary by the greater number of water-colour paintere. 

Prussian blue is still among the disputed or borderline water coloure. In 
the past it has been more or less accepted as a necossary colour despite its 
doubtful permanence, which is discussed in greater detail under Blue P£f- 
menu. Because of the introduction of phthalccyanine blue, which is capable 
of approximating many of its ejects in tints and ruixtures, it has been omitte d 
from the preeent list. 

Soma of the highest grades of Van Dyke brown are light-fast; these may 
be used in water-colour painting where the bad properties of this colour 
which cause lu failures in oil have no significance, 

Payne’s grey, in the high-grade prepared water colours, ie e pennanent 
pigment valued as a useful and convenient colour by eome painters, but 
considered unnecessary by others who prefer to make such mixiuree on the 
palette. 

For gouache (opaque or impasto water colour) the same palette is in ttse, 
but when ueed full strength the transparent ]Hgments will function as body 
colours and exhibit their top tones. Their underconee will be brought out 
when they ere mixed with a coneidertble amount of whites, but the colour 
effects of several vrill be different from those they exhibit in transparent 
water colour. 

Cobalt violet usually contains arseoic and should he considered poisonous { 
some of the other chemical colours are not without harmful effect. In 
working with water colour one must not moisten brushes with the 
mouth. 


Pigments for Tempera Painting 

The list of pigments for tempera painting is the same as that for 
painting except that no white lead or other pigments containing lead may be 
used if the pais^g is to be completely tempera without oil or vamlsb glazes. 
When it is to be thoroughly varnished or glazed and varnished, Bake white 
and Naples yellow may be used. 

In most tempera mediums titanium has better brushing qualities than 
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edtJ^r lead or thic, and it displays none of the faults that it sometimes may 
exhibit in oil. The extremely powerful tinting strength of the pure oxide is 
sometimes awhward^ and in most instances the barium composite Tariety will 
be preferable. The titanium pigmenu replace white lead in tempera more 
satisfactorily than they do in oil. 

There are no chemical restrictions as to the yarious permanent colours 
which may or may not be used in underpaintings, as even when oil is a con¬ 
stituent of a correctly balanced emultion, the variation in the flexibility of 
the hlma due to a variation in oil absorption by pigments is negligible. The 
remarlcs on colours for glazing oil paintings are applicable to colours for 
glazing tempera. 


PiGMBNTS FOR PaSTEL 

All the poisonotis and the sulphur-sentitive pigments, such as Naples 
yellow, white lead, emerald green, etc., are eliminated from the pastel 
palette- When making one’s own crayons only the strongest, highest grade 
colours should be selected, and in all tests particular attention should be paid 
to their bright appearance in the dry state. The only white usually necessary 
or desirable is precipitated chalk. French chalk (tele) has been recommended 
by some writers as an addition to pastel crayons on account of iu peculiarly 
smooth or loapy texture. If it seems advisable for any reason to use one of the 
more opaque or heavy whites, no more than a 10% addition of tiunium to 
the chalk should be used, 

Some pigmenu, such as rinc yellow, which are often rejected for use in 
other mediums on eocouni of their slight solubility in water, may bo used in 
pastel where this property ie of no importencej also eomo of the colours which 
bleed in oil can be employed if thoroughly light-proof. This mokes many of 
the newer coal tar producu available. Some of the best grades of Van I^ke 
brown ere light-proof and have permanence in pastel in spite of their bad 
behaviour in oil. Some of the borderline coburs have been recommended on 
the theory that the relative thickness of the pastel coating and the ebeonce of 
medium r^uce the likelihewd of failure to a minimum, but as in any other 
technique it is safeet to use only the moat light-proof pigments. 

Full strength Prussian blue has an undesirable bronzy sheen, and iu 
fluted, very ^e tx>nee are not safe. However, most objections to the use of 
Prussian blue in pastel are based on theoretical or laboratory standards. It was 
freely used in European and early American pestel portraiu, especially in 
backgrounds and draperiee, where it has survived without any change. It is 
doubtful whether any artist who has specialized in pastel has ever excluded it, 
except in very pale tones. 

With tile exception of the pc^nous and sulpWir-sensitive pigmenu, all 
the permanent oil, water cobur, and tempera colours can be used, but, as in 
gouache, the transparent or glaze pigmenU will function as body colours. 
Emerald green, all ibe lead coburs, and cobalt violet are considered too 
poisonous because of the dusting of the crayons during use. 
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Pigments for Fresco Painting 

Remarb hare been made elsewhere as to the lack of modem scientific 
and technical studies directly relating to artists' materials^ much carefuUy 
controlled research remains to be done to biing our data on freecocolours up 
to date. ^ 

The fresco palette is more restricted than any of the others^ the Foments 
must not only be of absolute permaDence to light, but must resist the alkaline 
action of the lime plaster and the add action of polluted air. Pigments must 
be free from soluble salts and any impuritiee that are Ulely to react vrith 
acids or alkalis, ^en selecting pigments, attention should be given to the 
brilhance and purity of tone in the dry state, which is approximately if not 
exactly the same as the finished fresco effect, Notes on the further refinement 
of impure pigments will be found on page 96. 


SGYPTIAN MURAL FALETTE« 
Black. Carbon (lampblack). 

Blue. Aaurito and Egyptian blue frit. 

Brown. Various native earths. 

Green. Malachite end crysocoUa. 

Red. Native red oxides. 

White. Chalk and gypsum. 

Yellow. Ochre and native orpimenc. 


MINOAN FRESCO ?ALETTE>* 

White, Lime putty. 

Black. Powdered slate. 

Red. Native red oxide. 

Blue Egyptian blue frit. 

Green. Mixtures of blue, black, and yellow. 

Yellow, Ochre. 


ROMAN FRESCO PALETTE* 

Black. Lampblack, possibly also bone black. 

Blue. Egyptian blue, possibly copper ores. 

Brown. Native earths. 

Green. Egyptian greeu, green earth. 

White. Lime. 

Yellow. Ochres. 

Red. Native oxidee, Pozzuoli red, etc. 

Probably refined, washed, and burnt earths were used. The method of 
making Egyptian blue and green was brought from Egypt. 
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TRADITIONAL ITALIAN FRESCO PALETTE 
White. Bianco sangioyaimi. 

Black. Lampblack. 

Red. Native Venetian red or Spanish red. PozzuoU red and other native 
redoxidee. 

Burnt sienna. 

Vermilion applied sacco. 

Blue. Eg^tiaa blue. Azurite. Smalt. 

Native ultramarine applied seccc. 

Greeo. Green earth. 

Mixtuwe of blue and yellow. 

Yellow, Ochre. Raw sienna. 

Brown. Raw umber. 

Burnt umber. 

Verone brown. 

Refined, weehed, end burnt native oxidei and ochres were well known. 


MODERN FRESCO PALETTE 
White. Slaked lime putty. 

Bianco sengiovenni. 

Neutral bio oc fixe. 

Black. Mere block. 

Lampblack. 

Red, Several ehadee of pure irtificiri red oxides; Mon red, ladion red. 
Light red, etc. 

Burnt sienna. 

Blue. True cobalt blue, 

Cerulean blue. 

Green. Viridian. 

Chromium oxide. 

Cobalt green. « 

Green earth. 

Yelbw. Man yellow. French ochre. lulian raw sienna. 

Violet. Cobalt violet. 

Mors violet. 

Brown. Raw Turkey umber. 

Burnt Turkey umber. 

Verona brown, 


SELECTED FRESCO PALETTE FOR PERMANENT FRESCOES 

As noted la the section on Pairaing, this palette is sucgesied as 

being espeaaJly resistant to the corrosive acUon of polluted air. Ah the tae- 
menw must be neutral, free £«>m soluUe salts and other impurities. 


PROPERTIES OF PIGMENTS 


White- Blase fixe. 

Black. Mars hlack. 

Red- Indian red. Light red. 

Blue. Cobalt blue. Cerulean blue. 

Green. Chromiiun oxide. Viridian. 

Yellow. Mare yellow. 

Violet. Mare TioUi. 

Many colour* cot uniTersally adopted or at present disputed, such as the 
cadmium lithopenee, phthalocyanine blue, Hansa yellow lakes, and aureolin, 
have been proposed as fresco colours. Some have shown promise inteeu but, 
10 far, data have been insuffident to form the bases for definite opinions. 
Painters who add lime or limewater to their colours favour pure slaked lime 
M a whitej those who depend eolely on the caplllaiy penetration of their pig¬ 
ments into the surface of the wall prefer a more inert, non-binding white- It 
is doubtful whether the PottuoH red mecdoned by some writers is always the 
authentic cementitious matenal^ its colour, however, is usually a highly de¬ 
sirable rosy shade of red. As remarked under PVasco Painting, the cementing 
property of this subetanco is of doubtful or negative value. A number of per¬ 
fectly suitable fresco colours, such as true turquoise green, potter's pink, and 
manganese violet, are not ordinarily available on the British and American 
market. The cadmiums have bean generally rejected for three reasons: there 
is doubt es to their permanent resistance to the alkaline lime, tlieir colour 
effects in the dry state are very brilliant and usually out of key with the rest 
of the fresco palette, end they are all sulphides and therefore among those 
compounds most sensitive to disintegration by minute amounts of mineral 
acids in the air. The cobalt violets now on the market vary considerably ia 
colour and chemical properties and some which are light-proof in other 
mediums will fade when exposed in contact with limaj untried specimons 
should be tested under fresco conditions before adoption. Colours sold for 
enamelling and othar ceramic uses have bad paint-pigment properties and 
always contain added fluxing and refractory ingredients. 


Properties of Pigments in Common Use 

The following section includes further details on the properties and uses 
of pigments i comparisons and data on matching colours, substitutions for 
undesirable, obsolete, or rare pigments. Plgmenu are arranged by colour. 

Matchiri^ ColQur$. While in most cases an approximate match for a speci¬ 
fic colour may be mode by using a mixture of a composition different from 
that of the oii^nal paint, and while such mixtures may be entirely adequate 
for the actual application in view, a study of colour theory reveals the 
culty of securing precise, accurate effects unless the proper pigment is 
employed. The variation in physical end optical properties of jngments of 
varying chemical or physical structure will result in differences, even when 
a general similarity of colour, shade, or tone seems apparent. 
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In general, imxturee of two colours are ioTaiiaMy duller or less clear than 
sing^ pigments of good quality; the addition of a third cobur is accompanied 
by a further reduction in claiity. However, we do not ordinarily paint with 
pure or raw colour, but usually depend upon mixed or broken tones for ottr 
effects; control of their effectiveness can be attained only by experience and a 
knowledge of the behaviour of the various individual pigmenu in mixtures. 
The suiement that the presence of fillers or inert materials, as in students’ 
grade or other cheap colours, does not alter their properties for pictorial or 
decorative effects, is not quite accurate; a pure colour h^ more clarity of tone 
and will give superior effects all around. 

T^ exact matches required in careful restorations, in alterations, and in 
additions to finished works, require careful, predse mixiiig and sometimes a 
Tiewing in bright, direct sunlight—procedures seldom called for in the 
practice of creative painting. 


Blub Pigments 

Ultra^rine is the standard blue colour in artistic use. The best quality 
ultramarines as made since 1826 are identical with the native lapis lazuli for 
ah practical purposes. They have the same chemical reactions and are di^ 
tinguishable from it only upon microscope examination, when the difference 
m cryrtalUne struct^e is immediately apparent. The principal defect to be 
t^en into account in the use of ultramarine is its extreme susceplibiUty to 
bleaching by even minute amounts of mineral adds? hence it has never been 
used in the fresco palette. Like most other high*temperature furnace pro¬ 
ducts it is otherwise of great permanence. When ground in oil, ultratnsirine 
normally has one of the worst painting consistendes of any of the pig¬ 
ments and tends to make paints of erratic and usually stringy nature* it is 
therefore much diluted with waxes and other stabilizers bv some makers 
^ tube coburs who require aU their paints to have the same buttery plas- 
tidty. Artists who grind their own oil colours find, however, that they 
are able to pamt with colours which are not quite up to this standard. 
F^ermore, ultramarine in oil is of a hue which is seldom employed 
full strength; it is almost always used as a tinting colour in admixture 
with whites, yellows, etc., which lend to impart a normal consirtenev to 
the mixtures. 

True cobalt blue (Th^nard’s blue) is one of the more expensive colours 
and in chea^ painte it is universally replaced by a cobalt shad© of ultra¬ 
marine. This imitation is satisfactory for many practical painting purposes 
and need give the artist no concern, as it is as reliably permanent a pigment 
as can be desired except in the case of fresco painting, where the genuine 
Th^nard’s Uue must be insisted upon because of the previously mentioned 
effect of atmospheric add on the colour of the imitation cobalt. The colour of 
the imitation or ultramarine cobalt, however, is never an exact match for 

true cobalt blue, espedally in undertone; it is an approximation rather 
than a dose match. The pgment fisted as cobalt ultramarine (Gahn’s blue) 
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1$ not always available and its name may be used to designate ordinary 
imitation cobalt blue. •' 

Prussian blue i$ the most disputed member of the blue group as wards 
^rmenencej it might be placed in a class by itself, as a borderline mtment. 
Its colour is unlike that of the other blues? it is particularly useful in mhcturee- 
For the past seventy-five years or so it has been alternately approved and con¬ 
demned. There is a great difference in claHty and beauty of colour as well as 
in permanence between the common varieties of Prussian blue and the veiy 
best, well-washed grades, such as the pure Chinese and Milori blues. Some 
samples will eventually turn brownish when used in oil, or will fade out 
appredably when used in thin layers or in extremely weak tints with tine 
white in water colour and tempera. Prussian blue is destroyed by alkalis end 
therefore cannot be used in fresco. 

Laurie*' recogniies it as a borderline colour? he is of the opinion that the 
practical evidence is in its favour as a reliably permanent colour in oil, but 
that because it is transparent, absorbs much oil, and will not mask the 
yellowing of oil, it should be used only in thin glazes end as a tindng colour 
with much while, in contradiction to the foregoing suiement which is based 
on some laborstory evidence. He believes it should not be used in witer 
colour. Ostwald** recommends Its use as a nearly indUperuable colour, 
espedally in pastel, where he eeys that conditions which affect it in oil and 
piece it in the borderline class are not present. Doorner*' declares that it is 
permanent in ell techniques except fresco but warns agaizin its lavish use in 
oil paintings on optical grounds (it gives the painting a lower key then when 
ultramarine or cobalt is used); he a^ mentions a tendency for it to fade when 
mixed with large amounts of tine white end oxpoeed to light, recovering its 
colour again in the dark. 

The variation in quality of Prussian blue from various sources accounts 
for some of its variable behaviour as observed by these investigators? another 
factor, no doubt, is the variation in methods of testing and the different 
standards used. A Prussian blue will fade or become dUcoioured when it is 
exposed to a moist atmeephere or outdoor conditions over a period of time? 
the same spedmen may survive indefinitely when exposed to normal indoor 
conditions such as those under which works of art are usually preserved. The 
modern consensus of o^nion is that it is best avoided, but that when a painter 
believes he needs it to obtain desired colour effects, he is justified in risking 
its occasional sparing use in middle tones and mixed colours, It will seldom 
be desired in full strength because the better grades have a pronounced 
bronze. In fresco or any other alkaline substance it would fail immediately. 
Personally I do not hesitate to use it in any kind of opaque painting but 
avoid its use in thin, transparent glazes and washes. Although its particle 
formation is extremely fine, when ground in oil it tends to agglomerate and 
form somewhat granular pastes; this is less marked in the better grades. In 
mixtures of dark coloured-greens, oEvee, brown, etc.<—it has the property of 
making rather deep, full toned shades, less dead or chalky than those of the 
other blues. There is no exact substitute for the shades it produces in mixtures, 
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and mixed ^gm^ais such as the chrome greens and Hooker's green can 
scarcely be duplicated without its use. Phthalocyanine blue, as noted below, 
comes nearest to being a substitute. 

With the exception of cerulean blue, the blue ^gments have many pro* 
pertids in common. They all have a transparent, or semi-transparent, deep, 
dark hue when ground in oil, they absorb much oil, and they do not produce 
pastes of deUrable plastidty. Cerulean blue has g;reater opacity or hiding 
power than the other blues. Its full-strength shade is a rather pale s^-blue 
with a greenish tone. It is a very good drier and its general pigment prc^ 
perties are good. It has been considered low in cti ahsorpuon, and so it is, on a 
basis of weight, but the current prevailing grade shows a very high oil index 
by volume (see pag« 117 ). Because it is one of the more expensive pigments, 
never employed in industrial paints but only produced in small quantities for 
artistic and ceramic use, the cheaper and leas reputable brands are Ukely to 
contain ^ther imitations, or weak mixtures of the true material with ex¬ 
tenders or inert substances. 

Phthalocyanino (Moi^aatral) blue has proved an interesting addiuon to 
c^, water colour, and tempera palettes^ some of its mixtures can substitute 
very well for those of Prussian blue. Both Prussian and phthalocyanine blues 
have so much greater tinting power than the overage pgme&t that they can be 
more conveniently used when they have been made with inert pigments 
such as blanc iixe or alumina hydrate. This reduction will also beneht the 
colour in other respects. It eliminates or reduces the bronzy or coppery 
sheen, and improves general structural or pgment properties, which are not 
pardcuiarly good in either of these materials. 


Green Pigments 

If it becomes necessary to secure an exact match for a green paint, it will 
be found that the greens are very diEjcuIt to duplicate by the use of znateilals 
other than those identical with the ones which composed the ori^nal paint. 
Greens are toned down or brought toward the ohve, if too briJliam, by the 
addition of a clear red or reddish pigment, burnt sienna for the warmer 
shades, cadmium red or alizarin for the cooler ones. The character of a mixed 
green made with a lemon or pale yellow is totally different from that of one 
made with a golden (medium or deep) yellow. 

Chrome greens are universally taboo in artistic paintings their colour 
stability is less ihao that of either of their single ingredients^ usually the 
Prussian blue fades firsts the green becomes yellowish or brownish and then 
lighter as the chrome yellow changes, Chrome greens are quite difficult to 
match exactly with permanent pigments without the use of Prussian blue, 

Emerald green is most nearly approximated by mixtures of virldian, 
strontium yellow, and white, but the pure or strong shades cannot be exactly 
duplicated by mixtures of other inorganic pigments. This is the sole reason 
for the survival of this dangerous pigment. When painters had no virldian 
those who realized the reactive nature of emerald green were careful to lock 
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it in well with Tarnish and isolate it from contact with other ingmernsj the 
work of those who used it freely has suffered greatly with age, as mentioaed 
under Brown Pigrrunis. 

Sep greens resemble mixtures of Prussian blue and transparent ochre, or 
Prussian blue and aureolin dulled with a touch of burnt sienna. 

Hooker’s green may be matched by a mixture of Prussian blue and 
aureolin. Most greens made with Prussian blue cannot be duplicated without 
its use, but a mixture of Prusdan blue and a permanent yellow is far pr^ 
ferable to one in which such definitely fugidve yellow pigments as gamboge, 
lakes from buckthorn berries, etc., are used. Phthalocyanine blue is of some 
value for producing new greon shades and for approidmaiingthe tones of the 
older greens. 

Verdigris and similar copper greens are rather eesily imitated by using 
viridian as a starting point. The great variety of shades in which these colours 
were made moke it impractical to mention the additional pigments specifically. 

Chromium oxide green is one of the most inert and permanent ;^gcnents 
in use, but it finds a smaller application in artistic painting than do other 
greens on account of its low tinctorial power and its Hinted c^ur effect. 

Viridian, which is equally durable for all ertistic and industrial jogment 
purposes, except in high temperature work, is a valuable artists’ colour. The 
inferior grades sometimes contein impurities in the form of complex mixtures 
of chromates and borates j while these are water^uble, they are quite difil« 
cult for the manufacturers to wash out. Their presence is highly undesirable, 
and therefore only viridian of the highest quality should be used. The best 
American dry colour is usually cleaner and cooler in shade than tiia European 
product, which, by comparison, tends toward yellowish or muddy tones^ it 
should, therefore, be preferred by fresco painters. When viewed under the 
microscope, viridian resembles small broken fragments of emeralds. Its 
colour effect when used in transparent films is just this brilliant transparent 
green, but when it is used full strezigth in thick pMty layers it will exhibit a 
duller, more blackish body colour or mass tone because of the building up of a 
thick layer of ;^^gment particles which impede and absorb the transmitted 
light rays, thus producing an opaque coating. 

Phthalocyanine green is a more intense clear tinting colour than viridian, 
Sind will produce different shades in mixtures with other pigments. 

Mixtures of burnt sienna with Prussian blue, sometimes toned with 
yellows, supplied many clear olive and sea green hues in older paintings. 


Red Pigments 

The wide range of effects which may eesily be obtained with the per¬ 
manent reds and mixtures of them makes it timple to match reds or reddish 
colours. For nearly all purposes, vermilion is perfectly replaced by the light 
cadmium redsi if these are u>o cold or chall^ in comparison vrith it, a touch of 
whatever toning colour may be necessary is added. Alizarin will substitute 
for all the obsolete transparent lakes. The brilliant geranium, magenta, rose 
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pink, and eiinilar colours have neTer been Mdoly accepted m artistic 
pamting or considered to be necessary hues. Pennanent ones could be made 
at present. 

The earth reds (Venetian red, etc.) should be replaced wheneTer possible 
by their artiildel counterparts, the Mars colours and the bright red oxides. 
Except in fresco painting, however, this is not a seriously important pro- 
caudon; and it is fortunate, since the nomenclature for these colours at present 
is such as to bewilder persons not thoroughly familiar with their properties, 

In the colour trade the impure native oxide of bluish tone is known 
mainly as Spanish red, and the scarlet shade as Venetian red. The pure 
varieties are called Indien red (bluish shade) and Light red or bright red 
oxide. However, special trade names or numbers for various grades are 
widely used in the paint industry, thereby eUminating much of the con- 
funon. 

The prinripal disrinedon to be made is that one branch of the family, of 
which Indian red is tyjdcal, has a deep bluish tone, and when reduced with 
white produces rose pinks; the other branch, of which Light red is typacal, 
is brighter and more scarlet in mass tone, and when reduced with white 
produces salmon pinks. Mars violets and highly burned Indian reds produce 
lavenders when reduced with white. 

Some makers of artists' materials hare attempted to simplify the con¬ 
fusion in nomenclature by calling all the pure, artiheial red oxides Mars red 
or Mars scarlet, maroon, etc., reserving the older meaningless names for the 
native or impure oxides; for the Mars colours are all artiiidal iron oxides of 
great permanence, some of them varying only slightly in colour, composition, 
and method of manufacture from the pure Indian red and Light red or 
bright red oxides. 

The andent and medieval crimson lakes had antmal or vegetable origins; 
kermes, grain, madder, dragon’s blood, Brazil wood, and, later, cochineal or 
carmine. Alizarin replaces all of them, sometimes with a sm^ amount of 
dulhng or toeing if exact matches are req^ulred. None of these older red lakes 
was used for any special quality it may have shown in comparison vrith 
another; the optimum was considered to be a transparent ruby or blood red 
which produced a pure rose pank when diluted with white; the most brilliant, 
most reliable, and rruist available one was selected. 

Although inferior grades are common, alizarin reds have, for the past 
twenty years or so, been made in a superlative quality which is permanent 
under conditions that cause older or inferior varieties to fail. The highest 
grade product has a brilliant rosy tone in the dry state; it is perfectly clear 
and transparent, will not liver with pure oils, and may be fre^y mixed with 
earth coloxu^. Alumina hy^h'ete is employed in its manufacture, but in a 
small proportion and as much for its chemical function as for its use as a base 
or inert material, so that the beet grades are almost toners, compared with 
the usual lake colour. Alizarin reds and violets are the only organic red 
pigments universally accepted for permanent easel painting. 

The manufacture of a perfect alizarin requires great skill on the part of 
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the colourmaker, One of several important points is that while it is being 
made the material must be kept absolutely free from the conumination of 
iron, which destroys its character. This is probably the reason so many 
writers go to such extremes to warn painters against its admixture with and 
even its overpainting upon earth colours that conUin mm. I find that with a 
best-grade alizarin such warnings are unnecessary, for in its finished state it 
is not sensitive to iron to an extent that would make these procedures 
dangerous. According to tests, it can be freely mixed with any of the other 
approved pigments without bad efiect. Alizarin is not of absolute fastness to 
light in the same sense in which the inorganic colours are light-fast. It can be 
broken down under accelerated tesu; however, it is adequately permanent 
for use under normal conditions of all accepted artistic painting techniques 
except fresco. 

Alizarin comes in the form of an extremely fluffy, light-weight powder, 
one pound of which will almost fill a half-gallon can. A pound of vermilion 
will,go into e four-ounce jar. Both vermilion and alizarin happen to be sub¬ 
stances which repel water to such an extent that they are difficult to mix into 
aqueous mediums, especially whan one attempts to stir them into the 
medium in a container. A round rod should bt) used for this purpose Instead 
of a flat palette knife, With a HtUe patience, they will mix in, Colours which 
repel either oil or water will go into suspension more euily on a slab, under a 
muller or spatula. If alcohol be used to start the wetting with oil, only the 
anhydrous grade should he employed, and it should be well mulled or the 
mixture allowed to remain on the slab long enough for the alcohol to 
evaporate. 

The true madder root lakes made by the older process, especially those of 
good quality, are now vary rarely found on the market. They can be obtained 
from only the most reliable sources. . 

Yellow Pigments 

Chrome yellows and oranges are perfectly replaced by the cadmiums for 
all arista’ purposes. Formerly there was some doubt as to the light-proof 
qualities of some cadmium shades, especially the palest yellows, but I find 
that all the modern cadmium-barium yellows are of equal permanence under 
severe accelerated teet condirions and are en^ely suitable for permanent 
erratic painting. They may have less tinctorial power tliac some of the older 
pure sulphide yellows but they are accepubly strong and compare favourably 
with the average artists' colour in tliis respect. Most specimens are finely 
divided and soft, and work well in oil. The term cadmium Uthopone does not 
moan that the colour has any of the undesirable features of Uthopone white, 
but merely refers to its method of manufacture In order to distinguish it from 
the pure sulphide pigments. 

Aureolin, somerimes toned with another colour, will replace the obsolete 
transparent yellows—-gamboge, Indian yellow, etc. The modern light-proof 
vellow lakes such as Hansa yellow are permanent under the most severe 
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laboratory tests. Mars yellow can serye as a starting point to duplicate most of 
the ochres and raw siennas If desired, but it should be considered an addition 
to this family of colours rather than a substitute for any of them. 

The use of the European term transparent gold ochro by some makers of 
oil colours to describe an ochre which contains a large percentage of trans¬ 
parent material is unfortunate, as the term golden ochre has long been em¬ 
ployed in the English and American colour trade to describe an inferior 
product containing chrome yellow. The best transparent ochre is refined 
a rather scarce natire ore winch contains a smaller percentage of iron than 
the ayeragej other grades (which are perhaps just as desirable) may be made 
by mixing alumina hydrate with a deep-toned native ochre. The colour is a 
useful one and it is doubtful whether its great transparency and high inert 
jHgment content will promote change in tone because of yellowing of the oil, 
as its hue is very close to that of a rather deefhcoloured oil. Because of the 
industrial unimportance and limited production of this native transparent 
ochre, the material sold as a dry colour is likely to be the chrome mixture. 

The family of light, rather greenish yellows—ainc, strontium, and 
barium yellows^is not among the most useful groups of pigments, but its 
colours can be empbyed to advantage when very pale, clear tones ere re¬ 
quired or when further variety of greens is needed. StronUuro yellow is the 
best of this group; barium yellow is very weak and pale; and the usual grade 
of dnc yellow is so apt to become greenUli that it has been omitted from the 
permanent lists in this book. 

Naples yellow seems to have been the most disputed yeUow colotir among 
nineteenth<entury painters and commentators; some claimed that it was 
indispensable and others that its colour might easily be duplicated by such 
mixtures as zinc oxide, transparent ochre, and pale cadmium yellow, The true 
product, lead antimoniate, was for a period somewhat unstandardized; it vras 
even claimed that no such pigment had ever been in general use and that any 
pigment combination of similar superhdal hue or top tone could be sold under 
its label. This was because it never has hod any industrial significance, and has 
never been made in ether than small quantitiea as an artists’ colour and for 
ceramic use. The precautions for the use of lead>bearing pigments apply to it; 
it has the sam e defects as while lead. True Naples yellow in oil has the peculiar 
property of turning a muddy green when the paste is rubbed with a steel 
palette knife. The modern product does not alter to any appredable degree 
when a clean polished blade is used to gather and pick up the paste, but for 
rubbing and working it thoroughly only the glass muUer or a spatula with a 
blade made of stainless steel, hard rubber or horn should be used. 

Genuine Naples yellow is produced commercially in limited amounts in 
about dx shades, from a greenish yellow to a comparatively pnkish orange 
yellow. These shades are not very widely different, and the usual material 
available on the market as a dry colour seldom offers a choice of more than 
two shades, generally called light and dark. Because of its permanence to 
light and the general all-round excellence of its ingment properties, which 
closely resemble those of flake white, Naples yellow is well liked by painters. 
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Ochres occur in aU pane of the world, but the finest ones, in fact the only 
ones smtaUe for ardetic colours, are mined in FVance, where they are most 
carefully washed, refined, and placed on the market as recognized uniform 
grades designated by a series of letters established by long use. For example, 
one of the most desirable ochres is called J.F.L.S. which stands for/cuna,/Tn, 
iav^, Each earth pigment is produced in iw highest grade in one 

parricular locahty^ other varieties are somehmes recommended as being also 
suitable, but in every case this is done for reasons other than the single aim 
to secure the finest gride material, Mara yellow is much more brilliant and 
powerful than the ochres and raw siennas^ theoretically it should supplant 
them, espedally because of its purity, but arhrts often prefer the more 
delicate and subtle tones of the nadve earths. 


Brown Pigments 

Van Dyke brown was employed not eo much for its general brown hue, 
which can easily be matched by a mixture of black, red oxide, and a little 
ochre or sienna, as for its rich, deep tones (either by iUelf or in mixtures) 
against which the umben seem pale and chalky. Emerald green is another 
pigment which produces non-chalky mixtures; and rich, deep, brownish 
shades (ranging from an olive or greanish brown to a warm black) were often 
produced by a mixture of the two. Old oil paintings tn whicli such mixtures 
were employed ire usually found to be deteriorated Into a mass of wide 
traction fissures. Because neither of these pigments Is now approved for use 
in oil paint, these brownish mixtures are approximately matched by em¬ 
ploying the least chalky of the more permanent pagmints such as burnt 
sienna and Prussian blue. Despite the doubtful value of Prussian blue, this 
mixture is sifer than the other. A touch of cadmium orange or red may also 
be found uMfuI. Burnt sienna is one of the most valuable colours for pro- 
dudog mixed or broken hues of depth and clarity. Lika other earths, it is sold 
in a great variety of top tones, but the undertones are feirly uniform. The 
deepest and darkest shades are the most useful. Sometimes it is classified as a 
brown, and somedmes as a red. 

Raw and burnt umbers are the most widely used browns 5 they have a 
pronounced siccative effect on oi 3 , and tend to produce tough, flexible, 
leathery films. Their oil content is so high that when used full strength in 
undercoats they have a tendency to produce cracking of the top coal, as noted 
in the section on oil paindng, To be on the safe side, they sho^d not be used 
in underpaintings in greater concentration than a 40 % admixture with pig¬ 
ments of low or medium oil absorption { up to this amount they may be added 
to undercoats in order to secure quick drying and uniform, durable paint 
films. 

Sepia ond bistre, used exclusively in water colours and wash drawings, 
are not $0 commonly employed as they were in the past. Sepia is rated as a 
semi-permanent or borderline colour, bistre as definitely not permanent. 
Sepia was valued for its versatility in producing water^lour wa^es of great 
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Taiiation id tone or ‘colour’, depending on its dilution with watery therefore, 
in the case of a substitute colour used to replace one of its hues, a diluted or 
more highly concentrated mixiure will not necessarily match the diluted or 
more highly concentrated original. Bistre is a rather cool, greenish colour 
compared with seju; the dlHerence between them is analogous to that 
between raw and burnt umbers, but their tones are more subtle and delicate 
then those of the umbers. 

Violet or Purple Pigments 

The use of yiolet pigments in painting is generally limited^ many painters 
prefer the broken ‘violets produced by mixtures of blues and reds, because 
they fall into the average colour scheme better than the pure, clear violet 
pigments which, as a rule, tend to produce cold or harsh effects. When a 
bright, clean violet colour is desired, cobalt violet Is usually foxind suitable by 
most painters. A more brilliant, intense, dear, transparent colour is the 
modern alizarin or madder violet, which does not seem to be ground in 
prepared oil or water colours by many makers, perhaps because manu¬ 
facturers are loath to add any further items to their already top-heavy lists. 
Compared with the bright cobalt and alizarin violets, Mars violet is dull and 
subdued, but when used straight or in nuxtures on the average picture it 
serves well to produce the mcgority of purple and violet colours ordinarily 
required. 

Black Pigments 

The common black pigments—ivory, bone, lamp, vine, and drop black 
—all consist of carbon obtained in the form of soot by burning various 
materials- They are very flu% and of low spediic gravity —26 pounds of 
some grades will fill a sugar barrel} the same barrel will often hold 500 
potinds of a pigment of average deority. They absorb a considerable amount 
of oil in terms of weight; however, when computed by volume it is not so 
much as the weight figures indicate. The carbon blacks are ail very poor 
driers in oil and will retard the drying of a normal film unless mixed with a 
siccative pigment, such as umber. The soluble salts in the impure members 
of this group (and iu some of the purer ones also) will effloresce when the 
pigment is used as a mortar coloxu* or in fresco; also the fluffy and water- 
repelling nature of this group makes them less desirable than mineral blacks 
for most water medium uses. The material specifically called carbon black 
is the most intense in colour and tinctorial power of any of this family, but it 
is not widely used as an artists’ pigment because of otber faults, as noted. 

The non-mineral blacks may be grouped as follows: 

Pure Carbon 

Carbon black, lampblack. 

Impure CaHfon 

Animal sources: ivory black, bone black. 

Vegetabls sources: vine black, charcoal black. 
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Frankfort or drop black ia made from a great variety of vageiabU aad 
animal materials. From the manufacturer’s point of view the difference 
between lampblack and carbon black is that lampblack is soot or carbon col¬ 
lected by the smudge process, and carbon black is made by direct contact of 
the flame with a metal plate. The inferior grades of lampblack contain small 
amounts of greasy materials. 

Ivory black is the only member of the impure carbon group tliat is re¬ 
commended as a permanent aitisis' colour. It is one of the worst materials to 
use full strength or nearly full strength as an undercoat in oil painting: a film 
of any other pigment laid over straight ivory black is extremely likely to 
crack. 

The grays obtained by miring Mars black with white lead or tine white 
are bltiish, but they seem brownish in comparison with the cooler grays ob¬ 
tained by miring whites vrith the carbon black group. 

Black iron oxide or Mars black is a thoroughly trustworthy pigment, lu 
introduction to the artists’ palette is rather recent. Tho native magnetic oxide 
and the blacks made of ground shale or slate are too coarse for average pig¬ 
ment use, but they are used industrially to some extent in water pastes as 
mortar colours, etc. 

Black or blackish effects produced by mixtures of other colours ere men¬ 
tioned under Brown Pigmtnu. Very exact matching of blacks re<iuires the 
direct rays of sunlight rather than dUTused north light. . 


White Pigments 

The luuel cUssifioation of white pigments iodud es several of the materials 
grouped separately in this book under the heading of Irurt Pigrrwnt*. Under 
the present heading only those pigments vrhich retain tbeir colour and 
opacity when ground in oU are listed. 

Whiu lead is one of the earliest artificially manufactured pigments re¬ 
corded^ it was employed in China as far beck as we have any history of the 
materials of Chinese painting, and was used in the earliest periods of European 
dvilizetion. It has very desirable properties when ground in it has the 
lowest oil absorption of ell white pdgmenti, it unites with oil to form a 
buttery paste which has fine brushing qualities, and it is noted for its opacity 
or hiding power and iu pleasing tonal charecterisrics. It produces paint films 
of great durability. Its two defects are its toxic nature (see Lead Poisonvt^) 
and the fact that the surface of white lead paint films is liable to turn dark 
brown when acted upon by air which is polluted with sulphur fumes. The 
latter defect is of slight consequence in oil paintings, where the pigment u 
usually well protected and lo^ed in by oils and vamisbes, or in varnished 
tempera paintings, or in undercoats; hxt it definitely precludes the use of 
white lead in ell the other airistic painting medium*. Anyway, white lead 
brushes out poorly in most water mediums. Should an oil painting be affeaed 
by sulphur as described above, the remedy is quite ample; H is mentioned on 
page 545. However, the only conditions under which this darkening would be 
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At all to occur would be such as are found in kitchenSf stables, mdiistrial 

or factoiy buildings, and outdoors in localities where soft coal is burned. 
Artistic oil paintings are not usually exposed to such conditions. Under the 
conditions which prevail in easel painting, the best white leads vnU not react 
mth any of the approved permanent pigments, even those which contain 
combined sulphur, provided these are of high quality. 

The best grade of white lead is usually known to artists as flake vrhite, a 
corrcdeti basic lead carbonate made by what is known as the old Dutch pro¬ 
cess, thoi;gh essentially this process is the same as that described by Theo¬ 
phrastus and used in ancient Pome and Greece. The number of modern lead 
compounds made and used industrially under the name of white lead is large; 
many of them are superior to flake white in one or two painting properties or 
in ease and economy of mani;facture. Cremnic white, a nineteenth^century 
development, is made by a modibcation of the process, which allows it to he 
more carefully controlled; it is a somewhat purer, more brilUant white, but it 
has less opacity. Various authorities rate one slightly above the other; for 
artists’ use both are superior to the rest of the industrial white lead pgments. 
The basic rav7 material of Dutch process or flake white is metallic lead; that 
of Cremnitz white is litharge. 

It is doubtful whether any manufacturers of prepared artists’ oil colours 
make a distinction between the various kinds of white lead; fortunately, the 
differences are small enough so that if a pure basic lead carbonate with the 
best pigment properties is selected, the product will be satisfactory. Much 
white lead in oil is made by blending more than oue variety. 

White lead has always been the basis or principal pigment for oil painting. 
Its properties in oil, as regards grinding, drying, brushing, and other manipu¬ 
lations, its oparity, flexibility, and durability are so superior to those of other 
whites and, in fact, most other pigments, that it is not only a standard of 
comparison by which the phyrical properties of other pigments are judged, 
but it is beyond some of the ndss and restrictions which govern the correct 
application of colours. Old portraits which have been thinly painted except in 
the faces, where a heavier coat of paint consisting prmdpally of white lead 
has been used, are often found to have disintegrated except for the faces, 
which are in perfect condition; and it is not uncommon to find other old 
paintings in which white lead areas, thin or thick, have outlived both impasto 
and very thin coats of other colours. 

The success of the oil painting technique as a standard easel painting 
process for several hundred years has been based largely upon the use of this 
jdgment, and its exclusion from many latter-day palenes has resulted in a 
lowering of some of the good qualities of the technique. Because of these 
points and because none of our other whites is entirely perfect in oil, flake 
white still remains in use as a pigment for oil painting, despite the claims of 
tine and titanium whites. 

Zinc while is a term peculiar to the artists’ material trade, where it is in* 
tended to describe zinc oxide of the highest degree of purity. The manu¬ 
facture and sale of artists’ colours is an insignificant bnnch of the colour 
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indu^liy. Other white pigments, such as lithepone, contain sine, and could, 
in view of the disorganized system of nomencleture, he sold as zinc white- The 
heat grades of domeatic dry zinc oxide are sold under the trade name of 
Florence French Process zinc oxides. There are three varieties, all of which 
are more than 99% pure and any one of which may be em^yed, as the 
differences between them are not great. White Seal is the fineat^graiiiad and 
the fluffiest; Green Seal is just as white but denser and less bulky; Red Seal is 
slightly inferior in whiteness end fineness o£ grain to the others. A grade of 
still higher chemical purity is also available under the name of B.P. zinc 
oxide, but this is made for phannoceutical preparations and hes inferior 
paint |Hg;ment or physical qualities. White Seal is generally conridered best 
suited for artists’ paints. 

Zinc white as a paint pigment is free from the two defects of the white 
leads. It is not a dangerous poison, and since zinc sulphide is whits, any action 
that sulphur fumas might have on zinc oxide in a painting will not alter its 
colour. Compared with white lead as an oil colour, it has a harsher, colder, or 
bluer effect, and is very much lees opaque. It U employed la oil where iu lack 
of gre at opadty is either desirable or of no detriment; if a more opaque white is 
required, white leader a mixture of 50% titanium with zinc oxide may be used. 

Zinc white is a reactive pigment in oil (see page 118), and unitee with it 
but not in the same way as flake white does. It tends to make brittle, hard 
films in comparison with the tough, flexible filns of white lead. Its Him has 
none of the desirable peint qualities described under flake white, it does not 
brush out so well, and it is an exceptionally bad drier. Its panicle structure is 
rather finer than that of the average pigment. Poppy oil films are definitely 
less permanent with zinc than with ilake white. 

Under severe weathering conditions such as those to which outride house 
paints are subjected (and which may be taken, in a measure, as accelerated or 
exaggerated indications of the conditions an artistic painting may undergo 
over a long period of yeare) white lead films decay by becoming soft and 
powdery, zirtc films by becoming brittle, creckiug end flaking; in the average 
climate, mixtures of the two, containing not more than fiO% of either, are 
more resistant to decay than is zinc or lead alone. An addition of 10% of 
blanc fixe increases the durability of such outdoor paints, evidently by 
reinforring the structural strength of the film. 

Although zinc oxide is a very slow drier in linseed oil, and remains rather 
soft and flexible for some time, the oxidation of the oH is merely retarded; 
the drying action will continue until the film has reached its characteristic 
hard, brittle condition. Hence, zinc oxide is not so good a material as flake or 
Creranitz white for use in underpainiings; it is liable to be tbe cause of 
cracking on account of the shrinkage in volume accompanying the slow dry¬ 
ing of the film. This danger is increased by its finely divided particle size and 
it is more likely to take place when poppy oil is used. In general, zinc white, 
especially when ground in poppy oil, may be considered of greatest value as a 
top coat, or in simple, direct, one-ritting painting. Oil grounds made with ziiu: 
oxide should be aged for at least ax months before use. 
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In all aqueous mediuics unc white is free from defects and gives very 
good results- It has long been used as a water colour under the name of 
Chinese white, and when thus employed its opadty is usually satisfactory. 
Where it has not suffident hiding power, as io work done for photographic 
reproducdon, titanium should be substituted for it. 

Litkopons is used for interior wall paints, in enormous quantities, but 
despite the modem improvements made in its properties, it is universally 
condemned as an artists’ white. In oil paints it is considerably inferior in colour 
and colour stabilityto zinc oxide. However, it has good opaci^, and its structural 
or film-forming properties are excellent; therefore it is generally considered 
acceptable for use in grounds, tither in water or oil mixtures. Its hnenees of 
grain may cause trouble when used with poppy oil- Lithopone has a structitral 
advantage over tine oxide in oil grounds and underpaintings because its 
films tend to dry more completely and thoroughly within a comparatively 
short time, and to be less brittle; but it is inferior and unreliable in whiteness. 

TiUmium whins are extremely inert and are unaffected by all conditions 
which pigments are likely to undergo, including temperatures up to about 
1500* F, When first introduced they wore expected to replace lead and zinc 
whites both for this reason and because of their greater opadty and covering 
power; but although they are valuable additions to the ^t of pigments and 
find a continued wide use, they have certain properties whi<^ limit their 
application when they are ground in oil. When exposed to severe tests, their 
films have a tendency to become both soft and chalky? hence they are most 
successful as pigments for oil painting when zinc oxide, which tends to form 
hard, brittle films, is added in amounts varying from 20 to 50%, as is done in 
white house paints and enamels. In coloured or tinted mixed paints, 40 to 
50% of zinc is used, and for oil grounds on canvas 50 to 60% of zinc is 
probably the best proportion. When ground in oil as an artists’ colour and 
compared with zinc and flake whiles, the titanium whites may occasionally 
turn more yellowish upon short ageing. The pigment itself does not change; 
the yellowing is apparently a surface effect of the oil. The reason for it is 
possibly that because the pigment is so inert or non-reactive it does not form 
the same combination with the oil that the more reactive zinc and lead do, 
and therefore favours a more pronounced or thicker continuous oil layer in 
the upper part of the film, somewhat like that in the glossy paint diagram on 
page !29. This yellowing is not extremely bad; it is scarcely apparent when 
tinting colours are used with the while. The titanium whites are rather poor 
driers in oil, although more rapid than zinc white; titanium and mixed zinc 
and titanium criJ grounds must be well aged before use. 

In aqueous mediums, titanium is entirely satisfactoiy. In tempera 
mediums the difference between it and flake white is revened. In tempera, 
flake white usually brushes out with difficulty; tiunium brushes wreU. Pure 
dry titaiuum dioxide is sold by one maker under the trade name of Kronos; 
the product described in the list of pgments as titanium pdgment (made with 
barium sulphate) is sold as Kronos Standard T. Other kinds of lees value in 
artistic painting are also produced. The fdgment made with barium is the one 
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in com^ uaej the pu« ojdde bwmewhat more €»pen6iTe (butstiU inthe low 

price cb») and, m mduatiy, is employed less ofcen-usudly only when ex¬ 
treme opaaty or hiding power is required. Some painters dislike it in tempera 
and the composite bocause the pure oxide is so yerr powerful 

Uiat It IS difficult to wash out of the brush. The English and American 
otamum products are pure, uniform, and well made. According to Toch‘“ the 
matenal as ground in refined linseed oil for artists* use shows none of the 
defects eni^erated above, and under the conditions of artistic oil painiinff is 
a thoroughly satisfactory and reliable pigment. 

The uianium pigments have the greatest opacity and the highest tinctorial 
power of any of the whites. If a grey is made mixing one part of black with 
10 pans of Kronos, by volume, approximately 26 pans of Kronos Standard T 
vnll be required to produce a grey of equel intensiiyi using white lead, 40 
pans will be required, and using line oxide, 60 parts. The greys produced by 
mixing black with white lead appear neutral or warm in comparison with 
the cool, bluish greys of line and litanium- 

It will be seen that although neither of the dafecu of white lead is 
present in tine and titanium, and although white lead has none of their de- 
facts, we have no entirely perfect white for universal pigment uss- 
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The inert Silers or extenders are, u has been mentioned elsewhere, 
while or nearly white pipaents which have low refractive indices and, there¬ 
fore, when ground in oil in the manner of the usual artisis' cobur, have 
little or no opacity or tinctorial effect- They are used as cheapaners or 
adulterants, and to impart to oil paints various properties, such as bulk, 
tooth, reinforcements of the film, hardness, softness, etc. 

When mixed with aqueous binders or mediums, they are less craosparent, 
and in some cases, as in the chalk-glue gesso mixture, several of them will 
produce brilliant, white, and adequately opaque coatings. When chalk is 
mixed with oil, it will form a muddy, translucent paste more intense in 
cobur than the oil itself. Coloured pigments which have been reduced or let 
down with inert materials are muddier as well as weaker than pure pigraenu. 

The following are the more important commercially available inert pig¬ 
ments. Their properties will be found described in the list of pigmerus. 


Alumina hydrate 

Asbestine 

Barytes 

Blanc fixe 

Chalk 

Chine clay 

Gypsum 


Infusorial earth 

Magnesium carbonate 

Marbb dust 

Pumice 

Silica 

Talc 

Whiting 


Qaeium carbonate, chalk, whiting, marble, and hmestone have the same 
chemical composition, and differ only in crystalline structure, density, or 
degree of purity. 
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Permanence op Colours? New Pigments 

Permaaence in an artieU’ colour means tliat the colour will not te altered 
during the life of the work of art in which it is used, bj any condition which 
it is litely to encounter. Some coknirs may be altered or destroyed by sub¬ 
jecting them to strong heat or to the action of chemicals, but since wo:^ of 
art are not normally expected to endure such conditions, the tern ‘absolutely 
permanent’ means that a colour compiles with all of the normal ret^uirements 
for pigments as preriously listed. 

Accelerated mechanical tests for light-proof qualities may be performed 
in the laboratory. Machines such as the Fadeometer and the Weatherometor 
have been designed to give the equivalent of years of exptosure to direct sun¬ 
light and dampness in a few hourt. But although every precaution is taken 
to reproduce the average atmosphaic conditions which the colour night be 
expected to encounter, it is generally conceded that such tests do not exactly 
duplicate the effect of direct exposure to the sun’s rays. However, since the 
most general objection is that the accelerated tem are too severe, the results 
furnish a fairly satisfactory index to permanence frccn the artists* viewpoint? 
they are indicative if not conclusive. Exposure to natural conditions over a 
term of years is still the only absolute test of a colour's permanence. 

In the past, new discoveries in arcihcislly made pg^ments were introduced 
in various ways. Sometimes a valuable colour was allowed to remain in ob¬ 
scurity or as a laboratory curiosity for many years wtil drcumstances caused 
or allowed its introduction to the palette. At other times, novelties were 
immediately introduced and later discarded when artists found them to be 
iaiperraaneDt or otherwise unsatisfactory. When the aniline colours appeared 
during the second half of the nineteenth century, pauitere and others con¬ 
cerned with the permanence of pigments envied the brilliance and variety of 
these colours but realized that few of them could be utilized for purposes 
requiring any degree of permanence. About thirty years ago coal tar pig¬ 
ments of greatly improved light-resistance began to appear on the market, 
and were adopted by makers of decorative paints, printing inks, and other 
industrial products. Because they were so much more light-proof than the 
earlier colours, some of them, such as Harrison red, were introduced to the 
artists' palette, but none was suHicieiitly light*proof to have warranted their 
adoption; the degree of their improvement over the older coal tar colours was 
responsible for the optimism with which they were received. Sonetinies new 
colours which belong to the same chemical fanuly as a successful older one and 
which theoretically should share the older colour’s detirable characteristics, 
fail under actual test. 

Many printing ink and industrial paint pigments have the word ‘per¬ 
manent' included in th^r names, and they are permanent in so far as their 
uses are concerned. A brilliant red which will maintain its general hue on a 
shop sign under severe outdoor conditions as long as the paint film will last 
(three or four years) has a right to be called permanent for this use? the same 
pigment used as an artists' paint may fade, at least enough to destroy pictorial 
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or decoTfitiTe effecu, ah«r five ot six in dayUght—eren in diffuaad, 
indoor daylight. ^ 

Not OvXj as regards pigments, but also in connection with paints and var¬ 
nishes, the artist should remember that his requirements are differeai from 
those of the industrial consumer, and that products which are in all sincerity 
labelled permanent are not always permanent for his purposes. No one ex¬ 
pects the paints which are used in ordinary wall decoration to last fifteen 
years, still less the paints which have to withstand more severe conditions, 
such as those used on houses, store signs, and boatsj yet a material which dis¬ 
played defects m a work of art after twenty-five or fifty years would certainly 
be considered a failure by enists. 

An obstacle in the way of the adoption of coal tar colours of really superior 
permanence to light, is that meet of them have the property of bleeding or 
striking through when used with oil or oUy mediums. If a coat of white paint 
be appUed over a coat of red which has this properly of bleeding, even if the 
red ia first thoroughly dry and hard, the colour will eventually be observed 
coming through the white—apparently dissolving into the film of white 
paint, running through it in a streaky or spotty manner, or occasionally im¬ 
parting a uniform pink tint to it. Some so-called non-bleeding colours are 
really semi-bleeding, the defect manifesting iuelf only after a period of years. 
Bleeding will never occur when insoluble inorgsnic <^ours are used end the 
undercoat is perfectly dry, no matter how finely the pigment has been 
ground. Any light-proof pigment, regardless of its bleeding or other faults 
when mixed with oil, may be used in pastel, where such defects are of no 
significance. 

We now have modem coal tar colours of enormoualy greater light-resUt- 
ance than those of some few yean ago^ tlieoretically, or rather, in the labore- 
tory, some will test three or four times as resistant to exposure as madder lake. 
Yet we are proceeding very slowly toward thedr adoption, end today we await 
the results of very exhaustive tests before including such colours in our per¬ 
manent palettes. Among the most promising of thsee coloun at present are 
lakes made from a dyestuff known as Hansa yellow, which retains its colour 
three times as long e$ alizarin in the Fadeometer, and lakes made by the 
phosphotungstic process whereby the basic dyestuffs (the most brilliant and 
varied series and ordinarily among the most fugitive of the common aniline 
colours) may he made into lakos of superior light-reaistence. Alizarin or 
madder lake, which is universally accepted as a necessary and permanent 
colour for easel paintings, provided they are kept under the normal conditions 
of preservation of wor^ of art, might well be adopted as a sundard of per¬ 
manence for such pigments. They would then be required to equal it in all 
respects when subjected to tests. 

Many thoroughly permanent inorganic colours which have been known 
for years have never gone beyond the laboratory stage because of economic 
reasons. With the development of new industrial processes, such as the 
colouring of lacquers and plasdce, mass production of soma of these be¬ 
comes feasible, and occasionally a pigment of known reliability is thus 
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made available to anisU for the first time. Manganese blue is a recent 
example. 

Limited or Restricted Palettes 

Although it is possible to produce a fairly useful range of hues by mixtures 
of black, white, and the three primary pogment colours, red, yellow, and blue, 
we find that, owing to the various qualMes of the substances we use as 
menu, there are many specific colour effects which can be obtained only by 
employing a mulhplicity of pigments. Depending upon the desired colour 
key or tonal harmony of the painting as a whole, a complete range of colours 
can sometimes be effected with a very limited palette, but usually a free 
choice of pigments is required, Whe^er the deared result be harmony, 
contrast, monotony, harsh brilliance, or softness, it is not obtained by merely 
matching the local colours of nature, but by translating, transposing, or 
manipulating the tones and colours within the chosen key. A spot of colour 
which in one painting is garish and brilliant might be a dull blight on another 
picture. 

If a punter limits himself to one red and chooses light cadmium, he will 
be able to approximate the tones of the duller earth reds with mixtures, but 
he must forgo the tints and glasee that alizarin will produce. The number of 
greens, both vivid and subdued, that can be made by utiliring all the per¬ 
manent green, and yellow pgments, is unlimited^ no painter could possibly 
want all of them in a ringle landscape. Yet an arbitrary limitation to loo few 
pigments-—for example, to one cadmium yellow instead of two—will ob¬ 
viously handicap him in most instances. A full complement of colours is not 
only useful for local colours but is equally valuable in extending the range of 
ejects by playing one tone against another or by utilizing the contrasts 
between the colour properties of |ngzaent other than those of hue. 

The choice cf pigments is entirely a matter of the individual’s purpose 
and intentions. It may be guided by the requirements of the school of paint¬ 
ing to which he adheres, but it must be controlled by an understanding of 
the properties and potentialities of the ]ugments, each of which requires some 
study and experience. 

The most legitimate technical reason for the limitation of a palette Is that 
painting with too great an assortment of ready-made colour effects results 
in a defect similar to that produced by overmanipulation or by the use of liny, 
umid brushworfc, referred to elsewhere. Students are taught to work with 
few colours as a method of discipline, just as they are taught to work with 
large brushes, but the arbitrary elimination of useful colours is an unnecessary 
handicap to mature painters. 

Some schools of painUng have placed a taboo on the use of certain colours^ 
in the recent past there was a prohibirion against brown. This was the result 
of the revulsion of painters against its universal use in the nineteenth century. 
The lavish use of black to obtain variations of shade and tone throughout a 
picture gives a certain unmistakable character to the work. Some painters 
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desire this effect; others abhor it to such aa esrteat that they exclude black 
pigments from their palettes. The discovery that some effects of an admired 
old master can be duplicated by utilmng certain pigments in a definite way, 
has caused enUre groups of peintere to allow all their work to be dominated 
by that method, whether or not it is suitable to the pariiculer case. 

In the remarks on perspectire it is noted that an illusion of recession or 
the third dimension may be produced by artalysing and translating to the 
picture the effects of the atmosphere and light on the colours of objects in 
nature. Whether the treatment of a picture is realistic, objective, or abstract, 
forms are depicted through the media of lino and of colour masses. The de* 
velopment of Western art has established a general feeling that they are of 
equal importance in a painting, and usually the terms, rules, criticisms, and 
evaluations applied to the line ia a picture can also be applied to the colour. If 
a painting is considered in the abstract, without any regard to its artistic or 
pictorial meaning, its forms may be seen to be influenced to a considerable 
extent by the artist’s choice of pigments. 

Znvesugatori have studied the palettes of noted painters of the past and 
present; in some cases painters have produced works of luffident roogs of 
colour for their purposes with as few as two or three pgmanu. Among others, 
the books of Church,*^ Fischer,*' and Ilileri’ contain lists of various painters’ 
palettes. 


Lsad Poisoning 

The use of white lead and other compounds which contain lead hu been 
given considerable attention; most published discussions include warnings 
regarding their toxic effects. These meteriels may be handled with perfect 
safety if the hands and Huger naila be well cleaned after using them, and if 
one is careful not to breaths or swallow the dust. Lead is a cumulativo poison; 
that is, if small amounts are absorbed into the system there ie no apparent 
effect; the toxic effect is built up by edded quantities. Workers in factories 
which produce these products, end house painters who use them, do not con¬ 
tract lead poisoning if conditions are such os to permit the usual precautions. 
White lead is poisonous only if swallowed or inhaled; on the whole its hazard 
has been somewhat exaggerated. 


Testing of Pigments 

Paint manufacturers aud other industrial consumers subject their pig¬ 
ments to certain routine examinations and tests, the rimplcet of which are 
noted here and doscribed rather fully. They may be further rimpliCed under 
certain drcumstancas. 

It must be understood that poslrive, accurate data from tests can be secured 
only by experienced techaidans; also that modem industrial requirements 
often call for more accuracy in tests than can be obuined by these simpler 
methods. 
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These tests are compajatiTe; a newly received sample of a colour is com¬ 
pared vnth a standard colour kept hy the consumer for the pxirpose. 

As a matter of routine, a record of all teets should be preserved in a note¬ 
book in full detaiL 

Colour Rub-Outs. A weighed amount of the standard pigment is plated on 
a slab of plate glass or smooth stone, and euffideot linseed oil is added to pro¬ 
duce a stiff paste when rubbed with a steel spatula or palette knife. The oil is 
added drop by drop, the number of drops being noted. Care is taken to gather 
the paste neatly into a small area of the slab, and to rub not more than is 
necessary to secure a smooth, uniform paste. The paste is then rubbed with a 
glass muUer (page 124-), using a uniform, slight pressure, and a badt-and- 
forth, somewhat circuit motion, the idea being to grind over the entire 
amount of paste with each complete rub as much as possible, rather than to 
spread it over the slab. After 25 rubs, the paste is scraped from the muller and 
slab, gathered into a pie, and given 25 more rubs. 

U»ng the new sample, the procedure is repealed, the same amount of oil 
being added regardless of the consistent^ which reaults. The two rub-outs are 
spread on a atrip of thin, clear glass, their edges just touching each other, and 
are viewed by daylight. 

Pigments for use in water or varnish mediums, etc., may be tested by 
rubbing them in those mediums instead of in oil. 

Strength (Tbictonal Potver). One tenth of a gram of the pgment is 
rubbed up with two grams of a standard pure zinc oxide, as desenbod above. 
For the very powerful colours—e.g., Prussian blue and the blacks—-the pro¬ 
portion is made 50 to 1 instead of 20 to 1, For testing whites and palo yellows 
a standard Prussian blue is used. The figures are pven merely as a guide and 
are varied according to the requirements and preferences of the user- The 
reductions should be enough to disclose all the tone qualities and to allow 
slight differences in strength to be easily perceptible, but they should not be 
carried to the point where weaker colours become so pale that an estimate of 
their relative strengths is difficult. Strength rub-outs are always thoroughly 
mulled, and if there is any screaking they are given further mulling until the 
colour is uniform and thoroughly developed. 

Draw-Ouis. Another method for comparing the relative colour and 
strength of artists’ oil colours which may be used on prepared tube colours as 
well as on dry pigments is the one which is used by the printing ink trade, 
which values pigments for their transparent undertones as well as for their 
top tones or body colour, The dry colour is weighed out and rubbed up with 
oil as in the previous account, or samples may be squeezed out of two tubes of 
prepared oil colours and placed side by side at the end of a vride, fleTdble 
wall-scraper (described on poge 185). 

The handle is grasped in such a manner that when the blade, loaded at 
the tip with the two dabs of colour, is drawn across a pad of white bond paper, 
pressure can he controlled, The first part of the stroke is light, and a thick 
laverisihereby transferred to paper} after one-half to one inch of this has been 
a^ed, the knife is held vertically, and with a firm, scrapiDg pressure it is 
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drawn across tlie paper with a rather rapid stroke, which will produce a thin 
staining of the paper. By holding this draw-ont against the light, comparison 
of the two samples is easy, and minute differences in colour, clarity, strength, 
hiding power, etc., may he almost quantitatively estimated. Try this vrith an 
alizarin lake oil colour of known high quality and a students’ grade colour 
made of genuine pigment lei down with inert material- An experienced 
lechnidan can judge the percentage of difference or vaiiation quite accurately. 

Volumeiric Method. As mentioned on page 116, the evaluation of artists’ 
paints on a basis of weight does not seem to me to be rational. The painter 
uses his materials by volume rather than by weight, and a direct volumetric 
method of comparing the relative tinctorial strengths of pigmonts is better 
suited to his purposes. A simple apparatus* may be used to determine the 
relative tinctorial strengths of tubo colours by volume. It consists of an 
optically plane glass slab in which two cavities of unequal sizes conveniently 



proportioned (usually 8 to 1) have been accurately hollowed out. The smaller 
is ^led with the colour paste, and the larger with a standard white in oil} 
both are levelled off with the edge of a metal scraper and the two volumes 
mixed together. 

Other means of measuring small volumes of oil colour in convenient 
amounts and ratios can be improvised. Ratios of 20 to 1, and in the case of the 
very low-^ength pgments 10 to 1, are customarily used in testing prepared 
artieifi’ oil colours. Note the method described under No. 22 on pages 451-2. 

Dry Colours. Dry pigments are compared by plating small piles side by 
tide, covering them with paper or cellophane, and presaag the paper down 
firmly and smoothly with a palette knife. When the flattened surface of the 

* This is not muketed in Britain but there ue many mtical instrument makers 
who would coruiruct it. The template mentioned on page 451 under 22a, bring but a 
metal plate with two circular hole* cut in it In a ratio of 20:1, U similar in effect and 
cheaper. 
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oombmed i^€8 of colour is viewed by daylight, the line of demarcation and 
any differences in shade are easily wen. A drop of turpenune placed where 
the laments join wiU bring out the vaiiarion in tone with white or inert 

TOgments. . , 

Fading. Pigments and coatings are tested for lightproof qualities by paint¬ 
ing them out on a test piece and exposing them to direct sunlight, preservuig 
an identical duplicate in the dark. In the case of coatings which contain drying 
oils, a fair test would be to elbw the duplicate to dry in normal diffused day¬ 
light for a month before putting it awey. An accelerated l«t for such coatings 
is noted on page 166. When oU points are subjected to long outdoor exposure 
the samples must be varnished before being compared with each other to 
compensate for alterations due to decay of the vehicle. Samples on watCT- 
colour paper may be exposed in a photographic clamped printing frame with 
a strip of black paper or cardboard protecting part of the sample for com¬ 
parison. See paragraph 19, page 450. 

Dyes and Lakes. None of ths approved inorganic pdgments is soluble in 
wawr, oil, or the volatile solvents^ if any solution occurs upon testing, it 
indicates that organic or coal tar colours are present. The simplest way to test 
this is to dust or blow a little of the lament on ftiter-paper or white blotting 
paper moistened with the liquid^ any solution of dya colour is immediately 
apparent. The same filter-paper test is used for soluble dyestuffs to dis¬ 
tinguish between siogle dyea and mixtures of dyes. 

Lighting. Colour comparisons should be viewed by daylight j most of the 
artificial dayhght lamps are unsatisfactory substitutes. Althoi^h an even 
north light is preferable in the greater number of cases, direct bright sunhght 
U sometimes useful in examining blacks and other very dark colours. 


Further Refinement op Pigments 

The following outline is intended for the use of painters or groups of 
painters who may have occasion to use laments free from water-soluble im¬ 
purities in sufficient quantity to warrant the trouble of washing pigments 
which are otherwise of high quality. These izistructions are not given as 
recommendations for common use. 

The impostibility of the average colour manufacturer’s produdng pig¬ 
ments especially for artists’ use has been mentioned previously. Some of our 
permanent pigments contain small percentages of impurities which do not 
detract from their utility in common industrial applications or even in the 
ordinary artistic techniques, but which are undesirable in some casee where 
reqiuremeDts are more exacting—for instance, in fresco painting. 

The usual impurities will be small amounts of water^luble salts, adds, 
or alkalis, which can be removed by subjecting the j^ments to a few addi¬ 
tional washings in hot water, using such simple inexpensive apparatus as is 
employed in the laboratories of the colour makers for their small-scale experi¬ 
mental batches. The manufacture of jdgments in general does not require 
very complex equipment (except in the case of spedal furnaces for those 
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pigments which are made at lugh temperatures), and jars, beakers, little 
tuba, and fillers may be considered as miniature colour factories. The actual 
manufacture of pigments from their raw materials, boweyer, ^^Tle for a high 
degree of skill and much specialized experience—an inexperienced person 
cannot expect to manufacture small batches of colour that will equal the 
commeraai pigments either in purity of colour or in pigment properties. 

The dry prigments are mixed with water, fs^ferably distilled water, 
boiled, allowed to settle, the dear water poured off, and the procedure re¬ 
peated until ail of the impuri^ is dissolyed and washed awayj then the 
mixture is filtered and the pogment dried and pulverited. The washing may 
be done in laboratory beakers of 600 to 1000 mL capadiy, depending on the 
quantity of colour needed, and an ordinary large glass funnel and folded 
filter-paper may be used for the filtering. A more sahafactory fillet, however, 
is one assembled from a common laboratory vacuum (asparator) pump, which 
is a simpde affair made to he attached to a water tap, and connected by a 
rubber tube to a suction-flask with a rubber stopper into which is fitted a 
Buchner funnel. The funnel and suction-flask come in vaiious rizee$ the 
funnel is made of porcelain, and has a flat, perforated surface within it, upon 
which is laid a sheet of coatee filter-paper. After the pdgxnent has been boiled 
with several changes of water, jt » poured onto the filter, and, preferably 
jxist before the pump has extracted all the water so that the remaining filter- 
cake becomes cracked and the noise of suction changes, it is washed again by 
pouring boiling water upon it. Then, after the pagmant has been sucked free 
of superfluous water, the funnel is disconnected and the pigment turned out 
on a piece of paper and allowed to dry at ordinary room temperature or with 
mild steam heat; strong heat may make tt cake too hard. The washing vessel 
should be Large enough so that the settled jagment occupiee only one-fourth 
to one-third of its capacity, and the sucdon flask should be large enough so 
that it does not have to be empitiad too often, which is inconvenient. 

All of this equipment is of the commonest and is available at any 
laboratory sup|dy store. If beakers are used they should not be heated over 
direct ilame but should rest on the usual asbestos If enamelled pots are 
used, they should be of best quali^ add-pxoof white enamel. 

It is best to know the oeture and extent of the probable impurities so that 
the wash water can be tested for thrir presence, by simple qualitaflve methods; 
adds and alkalis are detected the use of htmus, phenolphchalein, or other 
indicators; and the presence of salts by adding a few drops of the usual test 
solutions. 

Dryn$s$. In large-scale factory procedure, after the washings, the moist 
pulp colour from the Alter pr es s is hniken up and spread out on open trays of 
screening or lath and either air-dried, steam- h eated, or put through a 
mechanical drier, according to the nature of the jagment. It is then pulverized 
and packed in bags cet barrels; so long as it is a fine, smooth powder with no 
tendency to form hard cakes, it is universally considered bone dry for practi¬ 
cal purposes is withiii the range of toleraaca for any normal painting 
technique. Some artists preserve their pigments in glsies jars with ground 
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glass stoppers in ordar to exclude atmospheric mcristure (seepages 122,1^) hut 
for all practical purposes the less expeneive screw cap jars and friction top 
cans will serve as well. In reasonably well-conditioned rooms, they may even 
be stored in paper bags. When absolute dryness is required for very special 
cases, the pigment must he desiccated hy chemists’ methods- A harmful or 
ahnormaUy high moisture content would be apparent by a tendency of the 
pigment to form itself into firm cakes or lumps. 


Colour and Light 

The colour of a fagmenl is not one of its definite, inherent properties^ it is 
rather the effect on the eye produced by that particular substance under cet- 
tain drcumstances. Many conditions can alter the colour effect of a matenal, 
and two examples of the same pigment will not match each other exactly 
unless they are seen under exactly the same conditions. 

When a dry pagmeni is mixed with a liquid its colour is changed to a 
darker or deeper lone. This is an optical effect, which may be explained in the 
following manner. 

The materials used as pigments differ widely in certain properties from 
the liquids used as mediums. One of these pic^perties is the amount of Ughi 
a substance refiects and absorbs. All solids and liquids vary from each other in 
this respect and each one has been measured and tagged with a number wMch 
is called its r^raciive index. 

A sheet of glass is a transparent substance j when a ray of light strikes it at 
an angle, there is a varying amount of surface or mirror-like reflection, de¬ 
pending on conditions j however, the greater part of the light passes through 
its continuous, uniform structure and emerges refracted or bent, at an angle 
different from that at which it entered. The refractive index is computed 
from this change in angle, which depends in each case on the substance’s 
power to impede light rays. 

When two substances of varying refractive indexes meet, the greater the 
difference in their refractive indices, the greater will he the proportion of 
light reflected at the pttot where they meet. When a pigment with a refrac¬ 
tive index of 2.00 is dry, each particle is surrounded by air, the index of 
which is 1.00, and a certain amount of white light is reflected. When the 
pigment is moistened with Unseed oil, which has a refractive index of 1.48, 
much less light is reflected, more is absorbed, and the augment appears 
darker or more intense in hue. 

When transparent glass is pulverized, the powder appears white. Water 
in the form of ice is iransparenti in the form of snow it is white and opaque. 
The reason for this is that while light rays are easily transmitted through the 
uniform, continuous mediums of the ice and the sheet of glass, when they 
strike the powdered glass and the snow they are reflected in all directions 
from the myriads of tiny faceu of the particles surrounded by air, and are 
bent from one tiny particle to another until they become entirely diffused- 
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RtfraUion ^ light. A bgflt ray paaiog 
through a iheet of glass or otiier tnns- 
parant suhstaiMe bauds (is reCractad) 
and takes a short cue. The angle of re¬ 
fraction raries with each substance 

increases according to the power of each 

material to impede lig^t rays. 


Trmfimuuia$i and rtfUaion of light. 
Under arerage conations a certain 
amount of l^bt is also reflected fram 
the surface ofcjear gla» as fmm a mir¬ 
ror. ITxe propordons of light reflected 
and transmitted Tary according to the 
nature of the mhstanee, the lurroucd- 
ing eondilions, and, ia many cases, the 
an^e ftvzn wldcfa the surface is viewed. 



Ahtorption of light. This, translucent 
milk glass or ouer aetni-epaque ma¬ 
terial transmits less light dees a 
transparent material. In thi* instance, 
some of the ray is reflected, and eiwne 
absorbed. The p»TTt h^ 
and absorbed, the greater the opacity. 



Dark mrfmcoa. The greatest amount of 


least reflection, occurs when Kght im- 
pism OB a dead mat, lotenH black 
surface. Other consaderations b^ng 
equal, a brilliant white surface will r«* 
Am the most light, and as it is tint^ 
the amount of reflection will decrease 
aonrdingto the depth of colour. 



These diagrams shew one application of the fsT^omg prindples to painting. When 
a layer of paint composed ofp^mentnartidasanahuideru coated on a white ground 
the resulting reflection of i xinti i buies brillsamx and luminosity wluch are alto* 

gether Jacking when the painting is done on a bla^ gmnd. Any colouration of the 
white grouna will tend to the of reflection, and the more tttnslucent 

the coatingis or becomes, the more the brightness will be affected. 
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Wlien such broken planes and irregular facets exist only on the surface, as 
when a sheet of glass has been rubbed with an abrasiTe to produce a ground- 
glass or non-transparent effect, the light is broken up and reflected on the 
surface, creating a whitish or Posted appearance. Howeyer, since the light- 
dispersing parudes lie only on the surface in a thin layer, the rays are not 
entirely impeded, and continue on through the glass, which is now trans¬ 
lucent instead of transparent. 

A flat or mat eff^t on a paint or varnish film is usually due to the fact that 
the forface consists of a thin layer of such irregular construction. When such 
a sxuface is moistened its opadty is temporarily diminished. In the same way, 
alumina hydrate, a white, opaque powder when dry, will become colourless 
and transparent when wetted with benzol because the particles are then sur¬ 
rounded by a medium which has a refractive index very close to their own. 
The effect of liquids upon the colour and opacity of pagments varies greatly 
in each case, depending upon the difference between the two refractive 
indices concerned. 

tf a pigment which appears transpai^ent or translucent in a thinly applied 
layer is piled up or applied to a surface in a thick layer, it appears more 
Opaque because the light then travels through a great number of separate 
particles, each one of which impedes its progress by refracting it, also because 
there is more reflection of Ught from the points where the pgment particles 
and their surrounding medium meet, and because of the increased absorption 
of light due to the increased number of particles. 

Pigments vary in transparency in indirect ratio to their refractive indices, 
but all of them are transparent to some extent. If the proper medium is 
selected, laboratory tesU can be made which will show that the most opaque 
colours, even flake white, appear transparent under certain conditions. The 
hquidsused in such laboratory experiments are not suitable for paint medium 
purposes, but the effect produced clearly demonstrates that hiding power or 
opadty in a paint film can be lost through a change in the conditions which 
surround the pigment that has been used. In an actual oU painting this does 
not occur at oncej but in galleries one may frequently find a picture in 
wluch, by reason of changes wrought by time, oxidation, etc., the refractive 
index of the oil film has changed, and a thin coat of paint which originally 
sufficed to form an opaque film has become sufRcierLtly transparent to allow 
underpainting or drawing to show through. The effect is called pentimanto. 
Thoxigh all opaque pigments have this property, the whites possess it to a 
greater degree than do the othenj pentimento in old pictures usually appears 
oxcluavely where white or colours reduced with much white have been used. 
The fact that all dried films of oil paint tend to become more transparent with 
age is well established. 

It will be seen from the foregoing that when light impanges upon an 
object it is either transmitted, reflected, or absorbed, depending on the nature 
of the object! in the case of most paints it performs all three of these actions, 
in varying degrees. 

The practical lesson that oU and tempera painters of the present day have 
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learned from this is that the ground and underpainiing always hay a some 
effect on the final painting, even when it is not apparent, and that pictures 
must be built up carefully with this point in mind. 

Correct procedure calls for kee;png the ground and undarpainiing as 
white or pale as possible, superimposing darks over lights (so far as the nature 
of the work allows), and, wbeneyer possible, scraping down or remoying any 
substantial thick or dark areas when these are to be oyerpainted or obliterated 
for the purpose of making corrections. Jf two pictures were identical except 
for the fact that one was painted upon a brilliant white ground and one upon 
a black ground, the difference between them woxdd he apparent^ any de¬ 
parture from the pure white ground or from nricdy necessary uaderpdniing 
will produce an effect which tends toward that of the black ground. It is 
eipecieUy important to use the whitest sort of ground and pale under- 
paincings when glazes and veils are employed. 

Some of the books listed in the bibliography treat light and colour theory 
in deuil from the viewpoint of theoretical optics, of philosophy, or of 
aesthetics. (Page 464.) Colour and bghi in their relation to the practice of 
painting are completely explained by Oitwald** and by Laurie.** 

Colour Efpscts 

Each paint pigment owes its colour to the kind of light rays it absorbs and 
reflects. White light (daylight) is composed of a number of waves or impulses 
of various dimensions or wave-lengths, any single one of which, if isolated, 
would have the property of producing a speciflc colour senaetion on the eye. 
When a ray of white light falls upon a ^mest, the pigment absorbs certain 
waves end reflects others; this determines its colour effect. Vermilion, for 
example, will absorb the waves which produce the effect of blue and most 
of the waves which produce yellow, and it will reflect or throw back the red 
waves. Ultramarine absorbs almost all but the blue wavee{ pale cadmium 
absorbs all but the yelbw. Whites absorb little or no light; black pigments 
absorb most of the light and reflect little. Upon being absorbed, the energy of 
light waves is converted into heat. 

None of the pigments in use, however, produces a pure colour sensation; 
we can consider them faulty or impxare in this respect. Vermilion reflects a 
certain amount of yellow along with the red; alizarin reflects some blue with 
the red; therefore we call vermilion a yellowish red^ and alizarin a bluish red. 

Another reason why body colours do not give a pure colour sensation is 
that they reflect from their surfaces, as from a mirror, a certain amount of 
white light, which dilutes the inteurity of the colour to a variable degree, 
depending on the nature of the surrounding medium, as previously explained. 

The three colours mentioned so far are called primaries; when any one is 
mixed with another a secondary colour effect is produced: green, violet, or 
orange. This system of colour mixing is known as the subtractive process, 
because the second colour subtracts or absorbs still more waves from the 
white light than the first colour did. When three or several more pigments 
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of different colour are mixed, teniaiy or Inroken hues are obtained. Because 
of the 'impure* nature of the colour effects of our pi|;ment8 (each one re¬ 
flecting some waves of a length different from the dominant one) all mixtures 
will contain blends of minor components, and the effect of any mixture of 
two colours is invariably duller, less brilliant, or muddier than that of a single 
pi gment, Vuidian is a clear, bright emerald green of pore lone compared vrith 
any imitation which could be made by mixing a blue with a yellow, because 
it reflects none of the red waves that such a mixture would reflect. Similarly, 
painters realize that mixtures of three colours will be more ‘broken*, A 
complementary colour is one which will absorb the entire portion of while 
light reflected by another. Red and green, blue and orange, yellow and 
violet, are the three simple pairs of compleraentaries. 

Light waves have often been compared with sound waves^ two different 
musical notes may be played on two different instruments so as to blend into 
one clear, simple effect. But if we take two different chords, orchestrate each, 
a nd play the orchestrations simultaneously, the result will be complex, if not 
confused. Laurie*suggests an analogy between light waves and radio waves: 
pigments are substances which have the property of tuning in on certain 
light waves. 

When a transparent pigment is mixed with a white for tinting purposes 
it does not function entirely as though it were a body colour by imparting to 
the mixture the colour effect of iU surface colour to the mass, but Its trans¬ 
parency has much to do with the clarity of tone produced by the mixture. 
Tints or mixtures of opaque coloun are usually duller, When two opaque 
pigments are mixed, the tiny particles of each, when viewed under the 
mi(T06cope, will appear intermingled, lying next to one another. Rays of 
hght will be reflected from each j the amount of white light reflected from the 
surface will be the sum of that reflected from all the particles of both pig¬ 
ments. When a transparent jogment, such as alizarin, is used to tint a white 
paint, the effect is as if each particle of white were surrounded by an envelope 
of the transparent red) light will pass through the transparent particles, the 
amount of reflection of Ught from the surface will be less than when two 
opaque pigments are used, and what reflection there is will tend to come 
mostly from one source—the opaque pigment. Rscher** points out this 
property of tinting colours. 

Occasionally upon the drying of a paint there will be a colour change 
which is an exception to some general physical or optical rule. This is always 
because of some peculiar phyrical or chemical property of the materials in¬ 
volved- For instance, painters who use aqueous mediums in opaque tech¬ 
niques, such as gouache or casein, will note that greys or other mixtures con¬ 
taining black jngments sometimes dry darker instead of lighter. This may he 
explained by the fact that, because of the relative density and fineness of the 
various pigment particles or because of some other physical properties, a 
movement of the dispersed panicles has occurred while the film was still wet, 
and the black has floated toward the surface. Paint behaviour is not ordinarily 
erratic) under rimilar painting conditions, similar results may be expected; 
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and the painter who has learned the characteristics of each of his pigmenu is 
able to control their effects. 

Addxiiw CcAouri. When white light passes through a prism it is broken up 
into its component parts and the rays emerge in the familiar rainbow or 
spectrum arrangement, the rays at the red end having the longest wave 
length and those at the violet end the shortest. The angle at which the ray? 
are bent, or refracted, is greatest at the violet end, and least at the red end. 
The infra-red and ultra-violet rays are invisible under ordinary conditions. 

By recombining coloured rays, we can mix coloured light as we would 
mix body colour; but in this case a scarlet red, a medium green, and a blue 
violet are the three primaries, and the system is called additive because the 
mixed hues are obtained by adding light rays instead of absorbing or sub¬ 



tracting tliom. The effects of trensparent or glaze paints (as opposed to opaquo 
or body colour paints) are a little like that of additive colours, because trens¬ 
parent pigments reflect less white light from their surfaces than do opaque 
pigments. 

The followers of the French Impressionist school utilized the additive 
process by substituting the juxtaposition of small spots of pure colour for 
mixtures of colours. When viewed from an adequate distance the light rays 
reflected from these adjacent colours merge, producing upon the eye a 
blended hue sometimes entirely different from that which would hove been 
produced hod the colours been mixed on the palette, The effect is clear and 
has a psculiarly vibrant, luminous quality. A similar effect, as all painters 
know, is produced when mixed colours are not too thoroughly blended on 
the palette but are rather loosely scrambled on the canvas. This additive 
behaviour of light rays explains many peculiarities and tendencies in colour 
roizCures, though it plays a minor role in our painting methods. 
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Diffraction Colours. A colour effect-which often occurs in nature, or which 
may be produced by manipuktioos of certain materials, is that caused by the 
refraction of light in aU directions without the use of pigmentation. The 
brilliant colours of certain plumage and minerals are caused by the di&ac- 
tion of light from surfaces which have structures equivalent to myriads of 
tiny lenses or prisms. The iridescent colours in soap bubbles or oil films on 
water are explained by the fact that very thin filma will display iridescence 
when surrounded by two mediums of different refractive index. In the case 
of the oH film, the two mediums ore air and water. These effects have little to 
do with painting. They are characterized by an intensity, a brilliance, and 
often a hue of adioost metallic quality, which can be only approximated in 
paint. 



Oil Painting 

F or about three hundred^em the oU painting process has remained 
the standard techniqiie for artistic painting. Although ail the other 
techniques are practised for certain advantages they have over oil 
painting, the latter remains standard because the majority of 
painters conuder that its advantages out>veigh its defects and that in scope 
and flexibility it surpasses water colour, tempera, fresco, end pastel. 

From the viewpoint of permanence, however, all these accepted and 
time-tested methods of painting may be considered to be of equal merit. They 
all possess certain inherent defects which the careful painter does his bast to 
minimize, and each presents peculiar difficulties which he must overcome. 
Materials for each must be carefully selected} cti paint, tempera, end freeco 
must be correctly manipulated and applied if they are not to deteriorate} and 
the ibagility of water colours end pastels requires that they be carefully 
preserved. 

The basic points of the technique's superiority over the other accepted 
methode of permanent painting are: 

Its great flexibility* end ease of manipulation, and the wide range of 
varied effects that can be produced. 

The artist’s freedom to combine transparent and opaque effects, glaze and 
body colour, in full range in the same painting. 

The fact that the colours do not change to any great extent on drying} the 
colour the artist puts down is, with very slight variation, the colour he wants. 

The dispatch with which a number of effects can be obtained by a direct, 
simple technique. 

The fact that large pdctures may be done on light-weight, easily trans¬ 
portable linen canvases. 

The universal acceptance of oil painting by artists and the public, which 
has resulted in a umvereal ovailability of supplies, liighly refined, devebped, 
and standardized. 

Its principal defects are the eventual darkening or yelbwing of the oil, 
and the possible disintegyation of the paint film by cracking, flaking off, etc. 

•Some painting methods tnd materials must be more carefully or precisely 
applied than others. With some, the renge of variation or modification Is amsll, sod 
standard procedure must be closely followed; others are more flexible aod a con¬ 
siderable degree of latitude is permitted witltin the bounds of sound practice. The 
word flexible used in this rather abstract sense to describe technique in general, a* m 
iu more literal meaning as applied to t physical property of materials, does not signiry 
an infinite degree of elasticityi it must always be understood that there are definite 
limits to such a range. 
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Ths former may be eliminated or reduced to ac acceptable minimum by 
correct aeiectiou and use of matenals, and the latter by correct handling of 
the technique. 


Paint 

Paint conusU of finely dlTided ;f^mcnt particles evenly dispersed in a 
liquid medium or vehicle; it has the property of drying to form a continuous, 
adherent film when applied to a surface for decoraUve or protecUre purposes. 

As noted in the first chapter, surfaces may be coloured or decorated by 
applying the |ngment directly; in pastel painting the protective function may 
be supphed by a fixa^ve, the appUcation of which is separate from the decora¬ 
tive or colour applicauon; and in fresco the ground itself supplies the adhesive 
or binding proper^. However, paint, in the commonly accepted meaning of 
the term, usually implies a mateiial which combines these functions—as the 
typca) dl or tempera paint. 

When a drying oil is used as a medium for pain^g, it performs the 
following four functions: 

1. Execulive. It allows the colours to be applied and spread cut. 

2. Adhesive, It dries and acts as an adhesive, attaching the colours to the 
ground. 

S. Buiding. It locks the pigment particles into a film, protecting them 
from atmospheric or acddental mechanical forces and from being disturbed 
by the application of subsequent coats of paint. 

Optical. It has an optical affect, bringing out the depth and tone of the 
colour, and ^ring it a quality different from that which it possessed in the 
diy state, as discussed in the section on Colour and Light. 


Drying Oils 

A number of vegetable dls have the property of drying to form tough, 
adhesive films either by themselves or when assisted by the action of added 
ingredients. These oils do not ‘dry up’ in the ordinary sense of the evapora¬ 
tion of a volatile ingredient, but they dry by oxidation or absorption of oxygen 
from the air, The drying process is accompanied by a series of other complex 
chemical reactions, and the dried oil film is a new substance which differs in 
physical and chemical properties from the original Uquid dl; it is a dry, solid 
material which cannot be brought back to its original state by any means. 

The increase in weight or volume of the <il through the absorption of 
i* compensated for to a variable degree by the loss caused by the 
passing off in gaseous form of certain by-producU of tlxe reaction. These 
changes may be measured in the laboratory and from such figures we gain 
considerable knowledge of the properties of our oils. This subject is given 
further mention on page 511, 
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Linseed Oix 

Linseed oil is pressed from the seeds of the flax plant which is grown in all 
temperate or cold climates. The seed from each flax-growing region has i« 
own characteristics and is rated in quality accordingly. The impurity which 
is principally responsible for variations in quality is foreign or weed seed. 
This is true of any commenaal vegetable oil. Sometimes foreign seeds are 
added deliberately. 

The production of linseed oil is a highly developed modern industry in 
which considerable sdentific work is constantly being done to promote 
economic efficiency and the uniform production of oils which will have the 
best properties for the various uses to which they are applied. Because of the 
relative insigniflcarice of the quantities that are used for artists’ materials, 
scarcely any of the results of this research work are directly applicable to our 
purposes. 

The seed is crushed end the oil is extracted from it by preesing U in 
special machinery, usually with the aid of steam. The use of steam is 
necessary to secure the most economical results, but the quality of the oil thus 
produced ia very definitely inferior to that extracted by cold pressing, espe- 
dally from the artist's viewpoint. The hot pressing extracts a larger per¬ 
centage of substance# from the seed^ and despite any subsequent refining to 
which the oil is subjected, these lu^ances diminish the effectiveness of the 
oil in just those properties which are meet important to the artist. Cold- 
pressed lineeed oil should be the only kind used in artists' materials, but 
because the steam-pressed oils are adequate for all industrial purposes and 
because there is no large-scale commercial demand for it, the genuine product 
is often difficult to obtain, espedelly from American sources. A fine grade of 
steam-pressed oil, which most nearly approaches the cold-pressed product in 
purity, method of manufacture, and properties, ie widely substituted for it, 
end even occasionally misrepresented as being cold-pressed. 

Oil has also been extracted from the crushed seed by solution with benzine 
or other volatile solvents. The solution is filter-pressed cold, and the solvent 
recovered by distillation and used over again. This process yialds the greatest 
qxianrity of oil, but it also extracts from the seed a further amount of im- 
purihes, some of which add extremely undesirable characteristics to the oil. 
The residual cake of pressed seeds which is ordinarily a valuable by-product 
of the regular process and sold as a cattle feed, is so low in nutritive value that 
it cannot be used} hence this process of extraction has attained little com¬ 
mercial importance. 

Fleshly pressed linseed oil is a cloudy, impure product} before it can be 
used in paints or varnishes it must be refined-^freed of the moisture, muci¬ 
lage, albumen, colouring matter, and other impurities which hare been 
pressed from the seed along with the oil. 

Raw Linse^ OH. The tisual procedure is to warm the crude oU slightly 
and allow it to stand in tanks for some time Cup to two years), during which 
period a considerable amount of soBd mucilaginous sediment or foots settles 
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out and falls to tha bottom of the tank. Oil from aome seeds will soon purifj 
itself to a great degree in this raannor^ but some Yarieties will throw down 
fboU indefinitely. 

After such partial purincation the steam^pressed oil is fairly clear but of a 
rather dark yellowiah-brown colour, sometimes with a pronounced greenish 
tinge, and it is sold as raw linseed oil. It is not used in this form in artistic 
pain^g or to any great extent in the better interior commercial paints and 
varnishes, as it is inferior in nearly every respect to oil that has been further 
refined, with the possible exception of its durability under extreme weather 
conditions when employed in an out^de house paint. 

Cold-pressed oil properly aged end filtered has a medium or pale golden 
colour, end is used for pigment grinding purposes without further refinement. 

Rsfinad Limeed Oils, For most paint piupioses steam-pressed linseed oil 
requires further refining, and the usual commerdal treatment is to mix it 
\^th sulphuric acid and ivater, which removes the bulk of the unde^rable 
impurities and improves its colour. This procedure is carried out on a large 
scale with spedal equipment, and the best grades are subsequently purified 
of all traces of water and add. Many variations of method are in use, 
employing a number of bleaching agents and other chemicals. The refined 
paint-grinding oils range in colour from pale straw to golden or golden 
amber. 

As a general rule, I am inclined to favour the use of paint-grinding lin¬ 
seed oils which have been refined to a golden or light amber ^our rather 
than those which have been bleached to a very pale straw colour, because 
many of the latter have a tendency to revert to a deeper tone on ageing (see 
page 110). However, some of the best grades of modem pale oils are processed 
without chemicals by the use of superheated steam, refrigeration, and other 
mechanical loeens, which greatly increase their colour stability. 

Fjrnhh Lintetd Oil. The refined oils discussed above meet the require¬ 
ments for nbaterials used in ordinary paindng or paint grmding. Another 
dass of refined oils is produced commerdally for use in clear varnishes, etc. 
The first requirement for a varnish oil is that it should be free from 'break’. 
When linseed oil is heated rapddly to 500® F. and a flocculent mass, or cloud 
of particles, forms in the oil, it is said to breaks oil which remains clear is 
acceptable as non-break oil. This break contains a large percentage of phos¬ 
phorus and is not to be confused with the foots which the oil predjdtates 
spontaneously as it ages, . 

Another specification is that varnish oil should have a low acid number 
(see pages 512»-15), whereas for maximum wettability and dispersion of 
jagmeats, paint-grinding oil should have a relatively high add number. The 
common method of refining varnish oils is to use alkali instead of add in 
the treauneat, but some of the best grades are also processed by mechanical 
methods. It is doubtful whether the simple cold-mixed varnish mediums of 
the artist absolutely require such oils, and where any great difficulty is 
encountered in obtaining them, a good paint-grinding oil may be subpiiiuted. 

Stand Oil. When linseed oil is heated to 525-575* F. and held at that 
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temperature for a number of hours, an internal change takes place, and the 
physical and mechanical properties of the resulting product, stand oil, are 
not the same as those of raw oil. The change is a molecular one, polymeriza¬ 
tion} nothing is added to the oil and nothing is lost. Stand oil is a hearv 
VISCOUS material of about the consistency of honey} it may be thinned to a 
painting consistency by mbdug it with several parts of turpentine, the 
mature being paler in colour than other linseed oils. Owing to its viscosity 
and Its low add value, it is not so suitable as a vehicle with which to grind 
pigments, but when diluted with a thinner it is one of the most useful in¬ 
gredients of glaring or painting mediums, as an addiuon to oU paints or 
tempera emulsions end as an ingredient in vamishw. Stand oil turns very 
much leas yellow with age than row oil does, and when it is diluted or maed 
with other ingredients to a usable consistency, the resulting medium is 
practically non-yellowing. 

One of the moat striking characteTistica of stand oil is lu levelling property, 
that is, iu tendency to diy to a smooth, enamel-like film, free from brush 
marks, and its ability to impart this tendency to paints and mediums when it 
is added to them. For satisfactory rwulu, stand oil can be mede only by large- 
scale industrial methods from selected vamieh-type oil. High-quality j^e 
stand oils are now made by heating the oil in special equipment, under high 
vacuum or in an atmosphere of carbon dioxide. Formerly, stand oil was made 
in open kottlai and heated for as long as 18 hours or mC4’e} the resulting 
producu were dark, not uniform, suid were partially oxidized. The modem 
light-coloured polymerized linseed oils have great colour stability end, unlike 
the oils refined by other processes, are not so liable to revert to darker 
colours. 

The product specifically celled stsind oil is made to conform to a standard 
range of viscosity. Some polymerized oils are made in lighter grades and 
aome in very heavy consisiendei, so heavy that they can scarcely be poured. 
Even when thinned with turpentine to the same consistencies as those in 
which the true stand oils are used, these varieriee here working propertios 
considerably difierent from those of stand oil. Lithograph varnishes are very 
similar to stand oil, but in general it is not e good practice to substitute them 
for the latter because they are usually made by variations of the high tempera¬ 
ture process which are designed to impart special properties for use in the 
preparation of printing inks. 

Blown Oiif Bodifid Oil, and Boiled OU. Linseed and other drying oils may 
also be thickened or bodied by an entirely different change, oxidation or 
combining vvith oxygen. This is the same process by which the oil dries when 
exposed to the air, and it results in a product far inferior to stand oil, although 
resembling it in superficial properues. Oxidized oil is produced by blowing 
air through the oil} heavy, viscous blown oils are prepared commercially in 
Isrge quantities. They should not be confused with stand oil. Boiled oil is a 
misnomer} the oil commonly sold under this name is not boiled but heated 
with driers until very slightly thickened. A good deal of the boiled oil of 
commerce is raw oil to which liquid driers have heen added} such oil is 
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derisively celled ‘K ungV nla boiled oil to distinguish it from heat-treated or 
kettle-treeted oil. Neiiber boiled ml nor blown oil should be used for per- 
xnanent painting. 

S\m‘IUJlned or Sun-Bleached OU^ An older process of refining artists' oils, 
which apparently dates from the sixteenth century and which usually pro¬ 
duces a more rapidly drying product, conrists in shaking up the oil with about 
an equal amount of water, sometimes salt water, and exposing it, in glass jars 
or trays, to outdoor sunlight for a few weeks. The vessels are loosely covered 
in sudh a manner as to exclude soot and dust but admit air, and the oil and 
water must be thoroughly mixed every day for the first week- It is not possible 
to name any definite length of time for the exposure of the oil, rince the time 
required varies according to the purpose for which the oil is intended, the 
consistency and colour d^red, the actinic power of the sun in the particular 
locality and season, the type of oil used, and the site of the container. Gela¬ 
tinous or albuminous matter is removed by filtering the oil through coarse 
filter-paper or fine cloths; if a little clean sand is put into the jar at the start, 
it will help the settling of such impurities. At the end of the treatment the 
oil is most eatily separated from the water by the use of a separatory funnel 
(see page ^6). 

The action of the sun and air is threefold; it partly oxidizes, partly poly¬ 
merizes, and efiectively bleaches cho oil. Although this oil has been used with 
good results by past generations of paiuters, there is contiderable opinion that 
the o:ddation part of the process robs it of a good deal of its life, and that it 
will eventually behave in the same manner as a blown or one in which 
oxidation is begim by the addition of driers; certainly its superfidal pro¬ 
perties resemble these of a blown oil. If the free access of air is permitted, the 
oil will thicken to a considerable extent; this action may be retarded by using 
a narrow-mouthed jug or otherwise limiting the amount of air. Allowing the 
oil to bleach to the pdest postible shade, as mentioned on page 108, is not 
to be recommended, as there is an optimum degree of permanent bleach¬ 
ing to which any ^ven sample of a vegetable oil may be carried; beyond 
that point, it will, upon ageing, revert to a deeper colour, a common 
fault in some commercial bleached The usual correctly refined lin¬ 
seed oil is of a light golden or pale amber hue, not an extremely pale straw 
colour. 

In common with other treatments which increase the viscosity of oil, sun- 
thickening decreases its wetting power, pigment dispersion, arid number, 
and brushing quality, but increases its speed of drying and its levelling 
and protective qualities. It is therefore more suitable for clear varnish, or 
glaze and painting medium purposee, than as vehicle in which to grind 
pigments. 

Sun refining is one of the few oil treatments which can be carried on 
successfully by home methods; as noted in connection with the cooking of 
varnishes, no heat-treating can be well done by other than large-scale in¬ 
dustrial methods, and only the most antiquated recipes call for home boiling 
of oils. 
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Pop?Y AND Walnut Oils 

Oils pressed from the se«d« of tbo poppj and from maiure, rather rtaU 
kernels of the common or English walnut have heen known and used as dry' 
ing oils the earliest recorded tunes down to the present day. The history 
of walnut oil is coeral with that of linseed, and that of poppy oil nearly so, 
but it is interesting to note chat these two oils have always occupied a position 
inferior to that of linseed oil in popularity painten. 

Poppy oil is a naturally pale or straw-coloured and has no trace of the 
characteristic golden or amber colour of linseed. WiiUi and pale colours 
ground in it present a somewhat dearer and more brilliant appearance than 
when they are ground in linseed oil, and the dried, dear poppy cdl Rim has 
less tendency than the linseed cdl film to turn yellowish. However, because it 
will turn yellow to some extent under the test conditions, e nd because 
in pale colours even slight changes are apparent, its superiority over linseed 
oU in tHs respect is not so great as is popularly supposed. Manufacturers of oil 
colours are prone to use it for whites in place of linseed oil because it gives 
thdr product a mora brilHast appearance as it comes from the tube, because 
the pastes can be stored in bulk or in finished peckages more satisfactorily, 
and because a buttery connsteocy is more ea^y producad. 

The defects of poppy oil are the frequao^ with which its paint films will 
crack upon ageing, and its slow drying rate. 

It owes its property of yellowing lees than linseed oil to the smaller per¬ 
centage of Unoleaic add it containt, but it is just ghi* difiarence in composi¬ 
tion that causes it to form weaker films. Compared with linseed oil, it dries 
very much more slowly, its film tends to be softer, spoogisr, and more likely 
to crack, particularly when painted in successive coals and espedally whan 
the undercoats contain reactive pigments (see page 118 ) w when the top 
coat contains very finely divided pagments. In all-round paint qualities I 
should rate poppy oil as a good artuu’ material but distinctly inferior to lin¬ 
seed, and one which requires a more careful and predse observance of the 
laws governing the correct technique of oil painting. This matter is dealt 
with further in the section on chemistry. 

Walnut oil is umiiaily inferior to li n ea o d dl in all-around paint qualities^ 
some invastigatort rate it above, and some below, poppy oil. In the past its 
cost has precluded its wide lue for indtastrial painU} therefore, little modern 
scientific research has been done on it. It dries more rajadly than poppy oil, 
being nearly the equal of linseed in this respect. 

The finest grades of both wilnut and poppy oil are cold-pressed; they may 
be further refined, bleached, or bodied by the j^ocesees used with linseed oil; 
however, sun- or heat-thickened poppy or walnut oil is not ordinarily in use, 
because both of these rile are employed primarily as paint-grinding vehicles, 
where a normal oil conristency is required. linseed ml is always the choice for 
clear painting mediums because of its greater durability. Poppy oil has very 
little odour or taste and is used in France as an edible or salad oil; walnut oil 
will grow randd on storage and develop a strong odour, as is common with 
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other nut oils; its propenies as a paint medium are believed to be thereby 
impaired. 

At present the average manufacturer of oil colours uses Unseed oil as a 
basis, and miKes in or substitutes poppy oil, according to his judgment and 
experience mth the various pigments. Although he may be concerned about 
the ultimate durability of his paints, the immediate advantages of poppy oil 
are more likely to influence his decisions. 

Controversies over the merits of poppy arid linseed oil have by no means 
come to an end, especially as applied to various specific techniques, and some 
of the foregoing opinions are disputed by Other writers. 

So far as is known, pure, cold*preesed linseed, poppy, and wralnut oils may 
be mixed with each other in any proportion without any speual ill effects. 

Other Drying Oils I 

A number of other oils of vegetable origin have drying or semi-drying 
properties, and some are used in the paint and varnish industry. For the ! 
most part they are inferior to linseed oil and are employed as cheap substitutes 
for it. 

.Soya S^n Otl is a widely used industrial substitute for linseed oil, but is 
distinctly inferior to it. It may be bleached to a very pale colour, but it always 
requires driers. 

PerzUa Oilf obtained ^m crO|Hgrown plants in Manchuria, Japan, and 
India, is used in industrial vajrdshes and enamels to impart hardness and 
toughness. It is not cheap, and is rated as a first class drying oil rather than as 
a substitute for linseed, but it cannot be used in artists’ paints on account of 
its strong lendenty toturn yeUow, 

Tung Oil (Cluna wood oil) is pressed from the nuts of j4leurit$s/ortiu and 
A. moTiianay trees indigenous to China. The Chinese oil is rather dark, has a 
characteristic odour, and is highly valued as an ingredient of industrial paints 
and varnishes, where it produces more durable and resistant products than 
can be made with linseed cal. It has no value as a drying oil unless it is heat> 
treated and combined with driers and resins; the resulting prod\icts are 
entirely unsuited to artists’ use. Tung oH culture has been developing for 
many years in the south-eastern states of the U.S.A., because of the variable 
quality and availability of the Chinese product- 

Ouicica Oil is a Brazilian product of similar properties. The fatty adds and 
the drying reactions of both of these oils are quite different from those of 
linseed and moat of the other drying oils. 

LumboTtg Oil (candlenut oil) is obtained from widely distributed tropcal 
sourcee, principally from the Philippines. When economic conditions make it 
profitable,* it is sometimes tised as a substitute for linseed oil. 

Sunflower Seed Oil cmd Hempseed OU have propertiee resembling those of [ 

poppy oil, and have been used in Europe as linseed oil substitutes. The drying I 
properties of hempseed oil were known to some of the early writers. They are, | 
however, inferior to those of poppy c^ according to modern investigators. s 
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Saffiower Oil is obuined from the seeds of Carthamiu a'noonus and C, 
oxyacanihoy plants wliich liave long been extensiTely cultivated, principally 
in India, but also in East Africa, Egypt, Ttukey, and elsewhwe, for the sake 
of the sail!o«rer dye which is obtained from tbkr blottoms. The dl has been 
studied as a fairly good possihle substitute for linseed, and has been used 
locally In India in the arts, espedaily in the decoration of textiles and in the 
preparation of a sort of linoleum. At present writing, the growing of these 
seeds and the treatment of the oil are subjects of some indusuial research and 
experiment in America. 

Sa'liingia Oil (tallowseed c»l} is obtained from a cultivated tree in China 
and is widely used for many purposes in that country. It has good drying 
properties and probably is the Q’adttiona] materiel used by Chinese artists to 
grind the vermilion for the seals which are impreasad on thedr paintings. It 
is encountered here chiefly as an adulterant in Chinese txmg oil. 

Minor Drying Or'fr. About fifty other drying oils are known, but most of 
them ere of minor importance because they are not available in suffideot 
quantities or because no work has been done on the development of 
their application to paint purposes. Tbeir sources indude the seeds of 
some common domestic berries as well es seeds from remote parts of the 
world, 

Ssmi-Drying Oils. A large number of which are or could be extracted 
from seeds, grains, etc., will dry alone with extreme slowness but msy be 
more rapddly dried by the eddidon of driers, by heat treatment, or by ad> 
mixture with rajndly drying paints. They are occasionally used to adulterate 
cheap paints, and sometimes to prevent the settling or caking of heavy jag* 
mencs in mixed paints. Cotton s e e d oil and com (maise) cdl are familiar 
members of this group. Their use always decreases the duxalrili^ of oU paint. 

Non-Drying Oils. Another large group of vegeuble oils is altogether non¬ 
drying. In some rapidly drying, retber brittle paints or varnishes, it is 
occasionally possible to add a oon^lrying substance, tha drying actios of the 
coating as a whole being powerful enough to cany the oonnirier elong with 
it and produce a finish which is, to all appearances and purposes, perfectly 
dry. For example, castor chi, a member of this group, may be added to shellac 
and lacquers to impart flexibility (see page 288). 

No animal oils are employied in artistic painting, but for outdoor use, 
especially on smokesta^s, fish oHs have been used in industrial paints. 


Selection op Oils 

Any artists* oil should be a genuine cold-presaed obuioad from seeds 
of high quality and purity, and should be properly aged- The following sug¬ 
gestions are made in the order of their dearal^ty. 

For Peu'm Grinding: Oil of a relatively high add number. 

1. Cdld-preased linseed either raw or refined by mechanical 
meaiu without chemicals. 
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Th« best g^edes of industnaU^ refilled oil, or sun-bleached oil 
which has not bees exposed to the point where thickening is pro¬ 
nounced or where the colour has become paler than light golden. 

5. Poppy cdl, especially if all precautions are well observed, To be 
avoided in underpaintings. A mixture of 50% linseed oil whh 
poppy oil tends to neutralize poppy oil defects, but not to the 
extent of 50%. 

Far Glaze MediumSy Clear Varnishes^ and Fmuldanr. Linseed oil of a 
relaUvelj low add number. 

1. Stand oUorstand oil and turpentine. 

Sun-refined cold-pressed oil. 

5. If an oil of ordinary riscosity is required, a high grade industrial 
varnish ail, refined preferably by mechanical, rather than by 
chemical, means. 

A few painting oil manufacturers are listed on page . 

Oil Colours 

The artists’ oil colours which are sold in tubes are made by first mixing 
oil and dry pginent in a revolving can in which paddles revolve in opposite 
directions^ the product is a stiH, rather dry paste of approadmacely the con¬ 
sistency and smoothness of peanut butter. 

The paste is then run through mills of which the rollers are of either 
porphyry, granite, or chilled steel j the former alternatives are xised to grind 
those pigments which in the experience of the manufacturer have been found 
to be deleteriously affected by the steel. The complete end thorough grinding 
which artists’ colours receive exerts some pulverizing action on the pigment 
particles themselves, but while this is necessary in the case of some of the 
coarser foments used in artists’ paints, for the most part modem pigments 
are produced in a sufficiently fine state of subdivision, end the action of the 
mills in dispersing or wetting the individual pigment particles is at least as 
important as any comminution accomplished. 

After the average pgment has been given its first mixing, the particlee * 
vrill tend to agglomerate and become surrounded by oil somewhat in the 
following manner: 



” The diagrams in tb!s book which represent pigment particles are oot intended 
to be Inures of single round grains; each individual pigment has a dehnite structural 
appearance and parade size when viewed under the microscepoi often tbe particles 
exist only in the form of dusters. The round shapes in the diagrams represent 
primary particles; in the case of some pigments these may be individual single grains 
of various shapes and in other cases the nearest approati) to tbe single grain in which 
those pigments normally occur. 


114 



OIL COLOURS 

After a thorough muOiog ts grindmg through a correctlj adjusted the 
agglomerates are broken up, and eac^ particle should be surrounded by the 
mediiim, thus: 
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produdng a truly dispersed paint. 

The original agglomerates of pigment particles tend to enclose air tnthin 
their voids^ should the dispersed particlee in a well^mulled paint settle and 
come together again to fcmn dumps, their interstices would t^n contdn <nl. 
The instability of a him containing occluaons of air or dry particles is obvious, 
and the plastidty or consisteocy of a pooriy mulled paint differ from that 
of one in which the indiTidual particles are as well dispersed as posable. A 
great many physical properties of paints are the result of complex physicCH 
chemical reactio n s which are directly related to the intimate znhaure or 
dispertioQ of pigments in tdl. The diagrams also hare a bearing on the ex^ 
planation of cnl absorption, the various jagments requiting vatious amounts 
of oil to surround each partide. These intticades of phyacal chemistry are, 
or should be, taken into conaderatioo by modern manufacturers^ the only 
concern which the artist who gtinds Ins own colours bv hand has with them, 
is to see that his paints are most thoroughly and completely mulled. 

The operation of miving isgnient and oil on a slab with a sturdy palette 
knife or spatula represents the manufacturer’s power mixiog; the subsequent 
careful mulling is the artist’s counterpart of grinding or mulling. Hand 
grinding or mulling of paints is described on page ] 25. 

The advantages and benefits of grinding one’s own dl colours by hand 
have been mentioned on page 20 and elsewhere; they are almost entirely of a 
non*technical nature, and involve such considerations as economy, assurance 
of purity, training in the nature of materials, etc. From a strictly technologi¬ 
cal viewpoint the product of hand grinding cannot compare with the superior 
results obtained by the well-controlled use of modem power mills, espetially 
as to the physical requirements of a well-made colour as outlined above. Any 
qualities produced by hand grinding which sire different from those en¬ 
countered in the usual macbine*ma)de product could be duplicated on roller 
mills, were they desired. 


Absorption of Oil by Piombnt 

In order to grind dry pigments in ^ to a usable consistency, an amount 
of oil beyond that needed to bind and hold the ^gment to the painting sur¬ 
face, is required. This amount varies markedly with each pigment, and there 
is also considerable variation betw^n different grades of the same pogment. 
The grade of ^ used is also a factor in the variation. 
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The normal amount of oil required hy each colour includes what it ab¬ 
sorbs plus enough extra, not only to the proper degree of p l astic i ty, but 
a jyi to produce the kind of film which will correctly lock in and protect the 
pigment particles. But because oil in excess of the normal required amount is 
one of the major causes of the yellowing o£ oil paint and because it is also a 
factor in some of the rtructur^ failures of paint films, the careful painter 
attempts to keep the oil rolume down to an acceptable minimum. 

Measureme^a ofOil^bsorpri<yn. Paint znanufacturers and chemists haxe 
worked out oil absorption figures for the yazious pigments, expressed either 
in terms of percentages of <nl and dry pigment by weight, or in terms of 
pounds of oil per 100 pounds of pigment. Due to variations in materials from 
different sources and rariatiom in grinding methods, these figures are not 
yaluable as accurate statements j the methods by which they have been 
established do not always take into account all the elements which enter into 
the grinding of colours, particularly in relation to artists’ requirements; but 
they serve as a rough guide to manufacturers in the formulation of their 
products. The relation between the weight and bulk of the pigments is 
generally overlooked; the artist is more interested in the percentage by 
volume than by weight; he does not apply lus colour by weight, but in films 
of a particular thickness, or by volume. 


Oil Indbx 

J have adopted the terra ‘oil index’ for a rating of the various jugments as 
to the relative volumes of linseed oil necessary to grind them to average 
paste conaisteodes. The figures serve to indicate whether the paste wiU con¬ 
tain much or little oil, and how the volume of its oil content compares with 
that of other pigment pestes. Pigments whose oil indices fall below 76 are 
low in oil absorption; 75 to 90, medium; 90 to 150, high; over 150, extremely 
high. Two figures for one pigment indicate that variations encountered in 
samples of il» j^meat are so great that there may be said to be more than 
one grade as regards oil requirements. 

Figuree of this kinH are useful for Tarious purposes; for example, as dis¬ 
cussed under Pai'nU'ng in Oil, it is not safe to apply a layer of low or medium 
oil content on top of a continuous film of high or very high oil content, and 
the following list will serve as a guide. 


Lew 


Aluminium stearate 

29 

Chromium oxide green 

64 

Emerald green 

47 

Cobalt green * 

65 

Venetian red 

54 

Cobalt violet (arsenical) ■ 

66 

Flake white 

56 

Zinc white 

71 

Spanish red* 

65 

Zinc yellow 

72 


* Imported pigments. Furthar details concerning this list will be found on page 

5l3« 
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Medium 

Yellow ochre ■ 76 

Cadmium^henum yellow, ligfit 76 
Cad mi \ i m^barium yeQow, me> 
dium (golden) 76 

Cadmium-haiium red, light 79 
Cad miu m .h^ri um mer oon 79 
Naplee jeQow 62 

Indian red $6 

Ultramarine blue $5 

Titanium dioxide (low oil type) 87 


High 


Prussian blue 

96 

Cadmium-bsiium orange 

97 

Alixarinred 

100 

Ivory black 

101 

Raw umber* 

109 

Cerulean bliM 

112 

Raw sienna* 

118 

Mars yellow 

119 

Mars black 

128 

Burnt aanna* 

129 

Burnt umbar* 

156 


Very High 

AureoUn 174 CerbonbUeh l$4-264 

Cobalt blue, domectic 180 Vuidiao 256 

Lampblack 164-194 Cobalt blue 270 

Jn recent years, the prerioualy mentioned imporuace of physico<hemi‘ 
cal reactions as they sfTect the ^yaical character and behtTiour of liquid 
paimi has been realited by malm of industrial paiota^ and a damand has 
arisen for pgmanta treated to meet various tpedScatioDS, including ^ 
absorption. Specially treated lithopones and other pigments are regularly 
made with a wide range of phyiicel properdee, and if artists* pigmente were 
used is sufficient quantities, no doubt some of them could he turned out to 
meet laniform requirements ae to <nl abeorption and other propertiee. For 
low oil absorption, the pigment is ordinarily traated with a 2% solution of 
aluminium stearate in banzme, which coats its panicles and alters its pro* 
parties. The amount of alumimum stearate thus introduced into the final 
paint is negligible. Pigmenu will absorb varying amouaci of stearate, corre¬ 
sponding rou^y to their cdl ebeorptioo figures. 

It must be understood that the average pastes which result from grinding 
colours by hand with a muUer will contain eonriderably more ^ thin those 
ground by power mills, and that the texture, wettability, and degree of re* 
sistance to disperrion or teodexKy to form agglomerates may vary enough 
from the corresponding properties in mill‘ground paints to alter some of the 
reladooships indicated by the figures above. 

Jneuficiw OH in Colours. When the amount of pgnent in a normal 
paste colour is raised above the normal quand^, it is liable to cause the condi> 
don known as over^fagmentadon, where the colour may become too stiff and 
firm to be easily manipulated on the palette and brush. In such cases the 
danger of introducing insufiSdent binder the likelihood of the paint's 
hardening in the tubes on storage should be considered. However, this coudi- 

■ Imported pigmeots. Further detaili cmceming this Hit will he found on page 
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tioo can easilj be avoided, as its existence should be apparent to both maker 
and user. 

Influence op Pigments on Oil 

When a linseed or poppy* oil paint dries it undergoes chan|;e5 winch are 
the result of chemical and physical reactions occurring between the {Mg^nents 
and the c^, as well as changes brought about by the ondation of the oil. The 
total effect of these inter-related and complex reactions varies in the case of 
each ^gment. Among the properhee of the paint which are inQuenced by the 
^gment to a variable degree are consistency, speed and amount of oxidation, 
and the flexibility, hardness, durability, and colour stability of the resultant 
paint him. 

Examples of some of the most strongly reactive * |dgments are white lead, 
burnt umber, zinc oxide, whiting, and red lead, whose spedal properties in 
oil are mentioned under Pigments. Some pigments have a beneficial or rein¬ 
forcing effect upon the paint fllm^ Others will tend to impart undatable 
characteristics to it. As a general rule, when pigments vrith opposite pro- 
parties are mixed they will tend to neutralize each other’s defects or to im¬ 
part their own distinctive prop>ertlee to a greater or lesser degree. When used 
in small amounts as tiirUogcolouie, their effects are proportionally minimized. 
Those {ngments which are deHnitely rejected for permanent painting, 
however, will sometimes impart their defects to mixtures out of all proportion 
to the amount used. 

The cdl absorption Ggures can be used as a guide to the various degrees of 
flexibility that may ordinarily be expected of layers of paint containing 
different pigments^ in the following lists the |ugments are grouped according 
to other properties they will impart to paints- They are arranged in the order 
of their degrees of drying activityj the most active member of each group 
heads its list. 

In these lists to an even greater degree than in the oil index grouping, * 
variable conditions of practice and differences among raw materials make it 
di^uli to gauge relative values with sdeutiilc accuracy, or to assign even 
roi^Ji index numbers to them. When poppy oil is used, the action of the 
siccative pigments will be ditninishedf those tovmrd the end of the list will 
have little effectj the retarding pigments will produce a more exaggerated 
effect^ films described as hard and brittle will be softer but not necessarily 
tougher or more flexible, and those described as soft will in that respect be 
dangerously near, if not beyond, the line of sound, permanent painting. 

The oil absorption flgures in the preceding section were based on dry 
colours of the highest type, such as are most likely to be found on the British 
and American market and used for the best ardsts’ colours. The following 

• The word reactive is not here u<ed in a stricUy scientific sense; it merely de¬ 
notes tb&c some action takes place—something happen$. For instaoce, the exaggerated 
defects produced by Van Dyke browm when it is added to other pigments even in 
small amounts, are probably more of a mechanic^ action, as if a very weak and non- 
permanentresin were Added to the paiot. 
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list is based oa the aTerage bcharwur of prepared aitisis’ tube colours of 
several of the better makes, European and American. As stated above, the 
list is a rough indication of the rdative acdvitj of the colours rather than an 
exact rating. 

PIGMENT HLM CHARACTERISTICS 

Rapid Druts 

Umbers tough, flexible 

PnuMan blue hard 

Flake or Cremniu white tough, flexible 

Aureolin har^ erratic 

Burnt rienna hard, fairly strong 


Raw sienna 
Cobah blue 
Cobalt Tiolst 
Red iron oxide (pure) 

Black iron oxide 
Yellow iron oxide 
Cobalt green 
Chromium onde 
Viridian 
Naples yellow 

Zinc, strontium, barium yeUowe 
Some natire red oxides 


* Average* Driert 

tough, furiy strong 
rather britde 
rather brittle 
strong 
strong 
strong 

flerible, fairly hard 
flexible, fairly hard 
flexible, fairly hard 
strong 

bard, rather brittle 
usually brittle 


Slav Drien 


Other native red oxides 

usually brittle 

Green earth 

•oft, flexible 

Cerulean blue 

•oft, DOD«elesdc 

Ultramarine 

fairly bard, somewhst brittle 

Yellow ochre 

fairly strong 

Alixarin 

•oft 


yayShu/Drien 

Ivory black 

•oft 

Emerald green 

fairly hard 

Cadmiums 

fairly strong 

Vermilion 

strong 

Alumina hydrate 

hard and brittle 

Zinc oxide 

hard and brittle 

Lampblack 

•oft 

Carbon black 

•oft 

Van Dyke brown 

•oft and weak 
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Adjustnunl ^fDiyingB^teain Tube Colours, la order to meet the average 
painter’^ re^uiremeois for prepared ardats' oil paints, the manufacturer 
usually adjusts the diyiug; rates of various colours so that his entire line will 
dry within Ucnils that are not so extreme as they would he if the action of 
each jMgment were allowed to proceed normally. In controlled amounts, 
driers (see page 159) are added to the slow drying coburs, and slow drying 
poppy oil to the rapidly drying colours. The careful manufacturer will resort 
to a minimum of this sort of adjustment,pThere has been some controversy on 
this point; because driers are of no bene^t to the ultimate paint film but are 
lihely to lessen its durability, because they may not be compatible vtiih 
mediums subsequently added by the artist, and because some painters wish 
to control their own materida entirely, it has been suggested that control by 
the manufacturer should he omitted. On the other hand, the manufacturers 
pcdnt out that they are in a position to choose and compound the materials 
more exactly and correctly than the artist can, and that a set of colours of 
extremely diverse drying actions would not only present executive difficulties 
but would cause psdnt films of faulty structure in the work of the average 
painter, who has neither the knowledge nor the inclination to regulate his 
cobuxs in this respect. 

Stab iLi ZEES 

Materials other than pure coloiuing matter and oil are often added to oil 
colour by manufactitrers in order to keep the |ngment in suspension and the 
oil from separating during the period the tubes lie on the dealers' shelves; 
also in order to impart the desirable short (buttery) consistent to those pig¬ 
ments which normally produce long (stringy) pastes. Because none of these 
materials contributes any ultimate beneficial quality to the paint fihn, and 
because their use or rather their uncontrolled use is apt to have a deleterious 
effect, there has been some disctission as to whether or not they are to be 
classed as adulterants. 

For a long lime painters have been accustomed to expect all colours to 
come out of their tubes with precisely the same uniform, buttery contistency, 
and to be capable of being brushed out with more or less identical manipula¬ 
tions. The water-colour painter, however, realites that certain pigments have 
poor working qualities in his medium, and he learns to manipulate them 
with suffident skill to overcome these faults. Those painters in cdl who have 
prepared their own coburs also find that they are able to manipulate the less 
tractable coburs and to make allowances for their various behavburs. Some 
of the stringiest pastes, such as ultramazine, ere coloiu^ which are seldom 
required in the pure, full-toned state but ere more often used in small 
amounts as tinting colours, where tins lack of easy brushing quality has little 
importance. There are, of coiu'se, limits to what is acceptable; no painter 
wants to use very string or very liquid coburs; but some tolerance can be 
applied to certain colours, and an exactly uniform consistent should not be 
required if it means the distortion of other desirable qualities of a jogment. 
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The three classes of materials used as subiluers for oil colours are (J) 
waxes or wax-like materials, wldch produce a colloidal or gelatinous condition 
in the oil/pgment system} (B) water or ^ueons solutions, which produce the 
same effect by emulsi^uig the oil} (5) certain inert p^meots, such as 
alumina hydrate, which p^uce very short pastes. 

The addition of beeswax, or of aluminium and zinc stearates or pal- 
mitate^ will result in good buttery pastes, and whan these are used in 
Tery small amounts there is {vobably Ettle danger of any harmful effect 
on the structural strength (d the resulting oil film. Such materials, how¬ 
ever, always bare a d^inile particle structure, which pieces them in the 
sohd rether than in the liquid daasj hence they do not take the place of 
some of the oil, but replace some of the jagment rolume, thereby diluting 
the tinctorial strength of the peste, just es if an Inert loading pigment 
had been added} for this reason the colour will require a larger percentage 
of oil. 

If used in suffident quantity, the metellio eoaps will tend to cause the oil 
film to become spongy and to get brittle with age. They axe also suspected of 
becoming yellow or promoting the yellowing of oiL To a careless manu¬ 
facturer, thay would present a ample solution of all the problems of colour- 
grinding, and because they have great bulk and are comparatively inexpen- 
five, they are well suited for use ea deliberau adulterants or cheapenera. 
Judging from the low tinctorial strength of some of the purportedly Crst-claw 
colours which «limunium staaraca, (heir uniform consistency, the 

comparatively low cost of some of the rarer colour*, and the fact that the 
aluminium stearate ia used mdiscriffljnttely in all pgniant*, one would sus¬ 
pect that it is sometimes used in greater amounts than the manufacturere 
tvould have us imagine. One to two per cent by vcdume in the total amount 
of ml colour is usually conndered permiaaiblt. 

The difference between percentage by weight end percentage by volxime, 
as mentioned in the section on oil ebeorpdon, must be conndered in this 
connection, because aluminium stearate la such a light, bulky material. Its 
spedffc gravity is 1.01, and one pound ground in an oil psiot will bulk about 
C.l 18 gi^lon, which is over 15 ounces by volume. American chromixun osdde, 
a heavy augment, has a specific gravi^ of 5.09, and in paint one pound will 
bulk 0.0256 gallon, which Is only about 5 ounces by volume. This means that 
if a comparatively small percentage by weight of aluminium stearate, lay 
5%, is add ed to chromium oxide, the pigment In the resulting paint will 
contain about 21% by volume of tbU non-pginent material. The wright 
figures are of importance only to the manufacturer and the analyst as a baris 
for computing the dgsificant or volume figures. The same weight-percentage 
of aluminium stearate mixed with a jigment of below-average spedfic 
gravity, such as ultramarine blue (specific gravity 2.54} one pound bulks 
0*0515 gallon, or about 6 volume ounces), would produce a mixture con- 
taimng more than 11% of stearate, by volume. This point is 

brought out in the cdl absorption table, where I have included aluminium 
stearate among the ptgmenu, and it ranks first, or lowest in volume per- 
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centagej it would be ^rd if tho Uble were arran^d in order of percenta^ 
by weight. 

When w&xy materials are used as stabilizers, their action is partially a 
surroimding or coating of the jugment particles and their agglomerates with 
a layer which increases the wettability of the pigment and also serves as a 
sort of lubricant or cushion for the particles within the plasdc paste. The use 
of weses in colours results in greatly increased oil absorption^ for example, 
cadmium yellow, which occupies 15th place on the oil absorption list, is not 
greatly altered when 1 or 2% of beeswax is added to it, but when it contains 
10% it requires so much oil that it would be placed in the 'very high' group. 

When it is detirable to use a stabilizer in home-made colours beeswax is 
to be preferred. Aluminium stearate and other metallic soaps are produced in 
many grades and variations; their application involves much expert care; 
manufacturers prefer them to beeswax for their own purposes and use wax 
only occasionally, as a plasticizer rather than a stabilizer. 




The use of any appreciable amount of water, with or without soap or 
emultion-forming materials, is definitely to be condemned, as the resulting 
tilms are spongy and will certainly turn more yellow than vtill the films o£ 
water-free paints. According to Toch,*^ J to 1% of water may be added to 
artists' tube colours without detrimental effect. Few of the ordinary dry 
materials that surround us and are in daily use, are entirely desiccated or free 
from aU traces of moisture-least of all the finely divided {dgments, the sur¬ 
faces of the particles of which expose a large area to the atmosphere. A fairly 
appreciable amount of tinnooent' moisture may therefore be ground into a 
paint, depending upon the moisture content of the pigment. 

Separation of oil from the pigment is annoying, but unless it occurs to so 
greet an extent that it leaves the pigment in a hard, dry, unusable mass, it is 
not one of the very worst defects an oil colour can hare; it might even be 
taken as evidence that not too much stabilizer has been used. However, it is 
more often an indication of improper selection, formulation, or grinding of 
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materi^ When a UttU e^cee, oU has separated W the paste it mtT he 

^ved by sprMdu>g the p«te out ou peper, which will abwA it. If. niLu- 

fMturer u eontaenoous m his »lecaon of msterids, in his adjustmem of 

etc., he ;iU need «Tol a 
minimum of stabilizer. ^ ^ “ 

such"• coodderable unount. of 

such men pgments as alumina hydrate, which gi»e them eery d«ir.ble 

WnrSthT"””” I>~=^y i«ura thdr eTeutual bwering^L 

o^rnm^ -"ur. of „ch malerids does not mask the yellov4!^ 

The diagram of the three tube, indicate, how the relationship of cU to 
pigment pure colour u altered and the tinctorial strength of Sie colow 

weakened by largo additions of axtendan. ^ 

Ltverin^. Oil paint which luma to an uwauble, nibbery me» in the tahm 
or can « said to Urer. This u iiiTariahly the result of the ection of low crade 
or imp,^ pigments on mediums, or of the action of poorly formtJ^d 
matana^ on each other. Pure, high grade |Rgmaau corr^Uy ground in the 
proper oils will not lieer. * 


Hand Grindjno op Oil Colouks 

The grinding of oil coloun 1^ hud does not caU for particular technioues 
other than outlined under The pigment should first be mLed 

^th oil on the slab to a stiff, uniform pasu with a sturdy, yet flexible, palette 
kmfa or spatuU. The straight, rather Uunt kind, at least four inches in 
Unph, IS sometimes more useful for this purpoee thu the slender, taneied 
kmd generally used by artists. The paste is then grtnud with a mulier, much 
as described under ffnb-owsj care must be taken, eepedally at the berinoinff 
of the ^d, to gather the paint by scrajang it from the sides and bottom^ 
the muiler as waU as from the slab, and this should be done very freouentlv 
dun^ the grinding. In the case of most pigments, a more liquid comlstencr 
will develop after some mulling, at which Ume a Uttle more pigment mav be 
worked in with the spatula if derit«d. Although the volume of oil is to be 
kept at a mimmum, it vriil be found, sa previously staled, that in order to 
gnnd and disperse the j^ent partidae thoroughly, more oil will be needed 
than u required to mix the pigment to the sliffest sort of peste. 

If it has been derided to add wax to any of the colouie, put four fluid 
ounces of oil in a measuring glass and add while beeswax, which has been 
broken into conveniently small paecas, until the level of the oil rises to 4i 
ounces. Transfer it to a tin cm or other suiuble veesel and warm it on a stove 
until the wax melts. Be careful not to overheat or boil. This mixture will 
conuin a little over 11% of wax by volume, and should be diluted with 5 or 4 
parts of pure oil for average colour-grinding use. If greater accursu^ U de- 
nred, the following table shows how many parta by volume of pure ril should 
be added to each part of this wax-ril mixture to ]Ht>duce paints of various 
wax percentages. The mixture may become seini-solid on but at 
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room temperature -will always mii mio col and colour easily. It should be 
kept in a tightly corared wide-mouthed jar or can. 

Volume per Pigments 

uniofwax 0/60-75 75MOO jOO-125 125-150 owr 150 

desired oil iitdex 

1 8 6 4 2 1 

11 6 5 U i 

2 4 3 2 1 i 

5 5 2 1 i i 

4 2 1 J i 0 

As mentioned under its own heading and in the section on chemistry, 
poppy oil is generally less desirable than, linseed oil as a painting medium. 



However, laments which produce poor consisiendes in linseed oil will often 
behave much better when they are ground in poppy oil, which lends to make 
more buttery past« and to hold the jngmenis in suspention more effectively 
during long storage. In many cases, noubly with such pigments as ultra- 
marine, viridian, and certain artificial iron oxides, a small percentage of 
popiy ml added to the linseed «1 will produce shorter and more stable pastes. 
The roiniinum amount which will produce this improvement varies with 
each pgment and must he determined by experience; 25% of poppy oil is as 
much as can be used without its imparting its undesirable effects; a lesser 
volume, 10 to 15%, is better if it will ^ve the derired resultt. Ovot 25% 
poppy will result in a mixture that will display the had characteristics of 
the dl—namely, slove drying, and the formation erf weak films liable to crack. 

Mullere are hand-made in various sizes, with grinding faces from f inch 
to 6 inches across- The most convenient dze for making test rub-outs has a 
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2^ inch face and wei^ about a pound. For grinding amall batches of paint 
the usual she is 5 J or 4 inches and weighs about 3 p««ind8. The design of the 
curve at the boti^ edge of the muller is regarded as being important be¬ 
cause it should create a wedge-like entrance into the grindiiig surface. In 
order to increase the weight of a large muller for some uses, its handle may 
be encased in a collar of leadi this can be made of strips of sheet lead Both 
muller and slab should have a grain or tooth, which may be produced or 
increased by grinding carborundum, or some other abraaire powder, with 
turpentine or waUr on the slab with the muller. Plato glaaa is the usually 
preferred grinding slab^ white marble or a lithograph stone is occasumtlly 
used. The back of a glass dab may be painted white, white paper may be 
placed under it, or it may be made ^op«iue white glaw. 

Grinding should be continued until the paint is accepubly fme and 
smooth-textured and no grittinese is audiblej some of the pigments will be 
found to offer more difR^ties than otban^ these must receive additional 
mulling. Because of the larger quantity of paint involved, a larger area of the 
slab will naturally be covert than in the rub-out tests previously described. 
The volume of dry colour and tba number of drope of oU required in each 
cue may ba noted as a guide for future work with the same materials. 

Somd N^ts on Various Pigr/unis. Viridian acts u if it were a kind of 
powdered glass when hm mixed with osl, and it requires more grinding than 
the average pigment to make a smooth pester pernstant grindit^ will ujuaUy 
give the desired results} wax is not often necessary. If viridian is used in too 
coarse a state, H tends to give a blackish appeannce. Zinc oxide is one of the 
colours to which some maoufecturers iAtist upon adding wax to improve the 
flexibility, to corraa the natural tenden^ to form pastee of a stringy con¬ 
sistency, and to prevent their settling end hardening in the tube. Wax is 
added to Pruesiac blue, cobalt green, and iure<^ to orertome a granular 
texture and to such heavy pgmants as chromium oodde, vermilion, end 
titanium white in order to miaimigA settling or separation of pgmeot and 
oil. Ultramarina is perhaps the worst pigment to grind into t buttery paste on 
account of its etringiness tod thixotio|ic propertieej much ultramarine 
ground in oil and sold in tubes contains so much subUiter that the difference 
in strength between it and a homemade colour is obvious. Some of the long 
or stringy pastes may be somewhat imivoved merely by grinding manipule- 
tions. 

Tempera colours are dmilarly gnmnd in water or tempera mediums, and 
are more conveniently stored in small ecrew^p jan then in rubes. Water 
colours must be ground very fine) a prolonged grinding with presfure is 
necessary to obtain the cnrect texture, as mentioned under Waitr Cofour, 
Fresco colours must be equally well ground. Gouache colours should be well 
dispersed and smoothly, but not necessarily finely, ground. 

Tuhos. Collaprible tubes (pure tin axily) lead or tin<oated lead tubes must 
not be used) may be bad foom some artists* supply store s , and from some 
wholesale drug houses. The usual ‘studio see* is 1 x 4 inches. 

The tubes are fiiled with a palette knife, and enough room should be 
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left at the bottom so thej caa be dosed coziTeoieDtly and neatly. If one at* 
tempts to cause the paint to settle into the head of the tube mthout encIodii£; 
air bubbles, by tapping the capped end on the slab, the shoulder of the tube 
is certain to be bent or dented. To avoid this, the tube is gyasped lightly in the 
hand so that the cap is protected from contact with the table, and the fist is 
pounded on the table. The open end of the filled tube is then squeezed to¬ 
gether lightly, the tuhe laid on the slab, and a palette knife pressed down 
firmly on its end (covering about ^ of an inch of the tube). The tube is then 
picked up by its cap with the other hand and folded over the hladej this 
folding is repeated once or twice- The end may then be crimped more 
securely with a pair of stretching pliers if desired. Do not fill the tubes too 
completely or they vrill leak or burst open. 

During the eighteenth and early nineteenth centuries, when prepared 
oil colours began to be an article of commerce and before tubes were in¬ 
vented, the colours were kept tied in small bladders which were punctured 
with a bone or ivory pan in order to squeeze out the colour. The pans had 
large heads and were replaced in the puncture to seal it again. 

Fins Grinding. Considerahle differences of opinion formerly existed as to 
the proper degree of fineness to which pigment particles should be ground, 
but most investigators now seem to agree with Ostwald^* that there is an 
optimum degree, which varies vvith each pigment. DoemsH* warns against 
overgrinding by commerdal makers, and says that the character of the 
colours is often lost thereby. 

] am of the opinion that altogether too much concern is felt for the sup¬ 
posed overgrinding of pigments by the manufacturers of tuhe colours. In the 
first place, the experienced manufacturer is well aware of the optimum 
degree of grinding compatible with the most brilliant appearance of his pro¬ 
duct, and he is not going to allow his colours to suJfer in comparison with 
those of his competitors because of being overground or burnt. Furthermore, 
it is expensive to grind colours fine—the mateiial must he run through the 
mills several times with a comparatively slow-flowing output. Finally, 
brilliance, the desired short or buttery quality, and stability of the dispersion 
are best arrived at by grinding accurately to an optimum point, which varies 
with each colour but which ordinarily will not be fine enough to injure the 
physical properties of the colour. Those pigments which are liable to cause 
structural defects in the film by being too finely divided have seldom been 
reduced to that condition by the mills^ more often it is rimply one of their 
natural characteristics. (See page 114.) 

The panicles of ancient pgments, especially those which were made 
from native ores, are often many times larger than those of modern pdgmenU 
of the same composition. When viewed under the microscope, these coarser 
pigment particles always appear so much more brilliant and colourful, so 
definitely characteristic of their type, that on that basis one would choose 
them as more beautiful. However, when each pgment has been ground in an 
oil medium it is doubtful whether any difference in colour quality can be 
discerned^ the better structural effect upon the film of the unifomily screened, 
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modem pigment would be • deciding factor in cbttce. The older cobur 
makers reduced their pginems to es fine a powder as they were able to in 
pr^cal production, and they would hare pulTerized them more finely and 
uniforznly had their equipment been equal to the tasL 

Some investigators believe that in the grinding of oil colours as It is actually 
practised, irregularities due to coane particles are a more likely source of 
failures and weak points in the film than is overgrinding. All are agreed that 
uniformity of particle size is moct desirable. 

Extremely coarse particles of materia] are occasionally called for as addi¬ 
tions to finished paints in some techniques^ for erample, powdered pumice is 
sometimes added to grounds to increase tooth, and sand or other coarse 
materials in ordar to achieve textural effecu. Inasmuch as these tnaierials 
may be considered to remrin outside of the regular pigment/oil dispersed 
system, it is a queetion whether not they have any effect upon the structure 
and permanence of the paint coating, by eitber weakening or rmnfordng it^ 
they are generally used in compaxvtively spane amounts. 

An oil colour for artUu' use should be ground fine enough to show a 
smooth, glossy, aon-granular surface as it comes from the cubej and when it 
is diluted to a thin glaze film and applied to a white or transparent surface, 
no pronounced colour partklei or gruules should be epparent on cloee 
examination. The discuarion concerning fine grinding eppUes only beyond 
this point, and the artist who grinds his own colour should realize that with 
the means at his control there is little danger of his gmog too farj he should 
grind his colours as fine as he can. With care and attention he should be able 
to turn out an acceptable product but be should also realize that his coburs 
will seldom, if ever, equal thoee produced by the power mill, in regard either 
to complete dispersion or low oil content. paints will usually contain from 
15 to 50% more oil then those made in power mills, and a much lower pro> 
portion of completely dispersed, or primary, pigment particles. 

The time-^QOured method of comparing textures, used by the workers 
who tend peint factory mills, is to rub small bits of the pastes between the 
thumb nails, whereby slight differeocee in coaieenase or grittineM are per¬ 
ceived. Coerse partidee are earily discerned when a thm layer of paint is 
smeared on a sheet of glass and held to the lighL 

The simple mixing of dry cobur and <ul without mulling is not recom¬ 
mended, as the resulting peint will contmn a large excew of oil, will tend to 
have poor plasticity, and will not make films of durable structure. The 
meot will be neither evenly dispersed and wetted, nor com|Jetaly locked in 
with binder. If a painter who has become accustomed to mudng fdgments 
and oil lightly with a palette knife, vrill take some of his product and give it a 
thorough and complete mulling, he will find that he can usually introduce 
much additional pgment into the mixture vrithout changing its original 
consistency. This is ample proof of the presence of excess oil in the first pro¬ 
duct. 

Pigments must always be thoroughly and completely dispersed in an ^ 
paint or an ofi ground medium. It is very likely chat dry particles, coaree and 
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ure^ular particles, asd lumps or aggiomerationa cause waak spots in the 
film, and ma^ be starling pwts for cracking of tbe ground or paint film. 
When dJica or pumice is added to an oil gitnmd for the purpose of imparting 
tenure or tooth, it should be hglitlj mulled into some of the mixture and 
not merely sdired in. Aqueous grounds (gesso) do not usually require grind¬ 
ing, because of their wetdng and binding poperties and the peculiar struc¬ 
ture of their dried coatings^ but aquecFus ptunis require careful and complete 
grinding. 


Painting in Oil 

There are obrioualj nearlj* as mai^ tedmiques and combinations of 
techniques in oil pfiinri^g as there are schools of artastlc thought, but the 
rules which gorem the umeU ap|dicacion of the ril^painting materials are 
the same in ^ cases. 'tMthin their general rescrictioos there is ample leewa)' 
for adapting them to individual requirements and to the requirements of the 
▼arious tjpes of work. It must therefore be imderstood that is these remarks, 
as in most published accounts of painting processes, examples which have 
been chosen are broad enough to cover most of the variations, and hare been 
selected as the dearest or amplest means to demonstrate the principles 
involved. 

The simplest example of cal pdnting is the production of a plain two* or 
three-coat system such as ap^ed to walls by house paintem. 'When paint is 
applied to a canvas, a panel, or a wall for pdctorial or decorative purposes, it 
will act in accordance whh the same rules that govern the actions of the 
common wall paint, and the basic principles of correct application are the 
same in both cases. 

One of the first condderations isthat no moistxire should be present in the 
ground, and precautions must betaken to prevent moisture from permeating 
tho film from the rear. Another is that the degree of absorbency of the sur¬ 
face should be uniform. House paiuteie therefore give porous wood and 
plaster a good 'drink' of very thin diellac or glue are—not enough to pro¬ 
duce a non-absorbent, slick surface, but sufficient tn penetrate and size or seal 
the pores. 

If a perfectly impervious and sohd surface, such as a metal, is to be 
painted, it is roughened mechanically in order to give h a tooth or key, and 
the priming coat is composed of materials which have strong adhesive pro¬ 
perties and give a surface so coarse that even when sanded to a smooth finish 
it will still luve considerable tooth. Wood or plaster surfaces which have pr^ 
viously'been painted must, if their snr^:es are smooth or gh>^> be roughened 
with coarse sandpaper or steel wool, so that the ground will have suffident 
grain both to take paint &md the brush and to make it adhere well. 

In a three-coat system, the first coat should be coarsest in textxire, the 
second of a finer grain, and the third, finest. likevrise, a superimposed coat 
must be as fiexible and susceptible to expansion and contraction as the under¬ 
coats. It may be somewhat more so, but on no account should it be less flexible 
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the under^t, or <«ckiiig, flaking olf, ^ 

An exaggerated iJlumtion erf thia principle be to graap a sheet of 
rubber that had been painted, and stmeh it; the paint would iinj»ediat«ly 
cr^ in a Aouaand places. Thb mon imporiani rule of gradation of layers, 
which applies to all methods of artisik painting, is referred to under Fresco 
Patnnn^i it was known to craftsmen of |»ehisloric tunes. 

The oU index figures on pages ltd, 117 iadicaie the general order in which 

od films contain^ rarioua jdgments may safely be superimpowd- There is, of 
coarse, no definite, predse line to be drawn, particularly among jagmenti of 
^e same class, and the precautions apply only to pure colours, or to mixiuree 
m which these colours jaedominate. A good rule to follow is that pigments 
in the high or rery high groups should never be used full strength or nearly 
Ml strength as underpainti^ for those of lower m 1 absorption. 

The free use of tuqientine or its equivalent as a thinner or diluent is a 
necessary part of the process in all forms of oil and varnish painting, and with 
experience the peinier leemi to intradace just the right amount to make bis 
manipulations euy and bring the thickness of his peiot Uyer under control 
without impeiring the structurel strength and duraMUty of the film. 

Mat or Flat Finish 

The manufacture of glossy and flat liquid painta may consally be regu* 
lated by varying the proportions of turpentine and fixed oil or varnish binder, 
care and predtion being required. 

Id the formulation of a glossy mixed paint, when the non-voletile binder 
or fixed oil has greater bulk than the pigment, the dried film produced may 
be approximitely represented by the following diagram, in which the surplus 
medium has levelled out to e smooth, even surface above the pigment 
particles. 



If a larger amount of turpentine or other volatile solvent be added to the 
vehicle, so that the fixed oils or resins which form the dried film ate of lesser 
bulk in proportion to the same amount erf pigment, still sufiitient in quantity 
to surround the particles and lock them in but not present in large enough 
proportion to flow out, a rougher surface is produced, and the light, innead 
of being reflected from a smooth, mirror.like surface, is broken up and re* 
fleeted in all directions, resulting in a flat (mat) effect, thus: 
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If an imermediate proportion of tinder is present, a semi-flat or egg¬ 
shell finish is produced, thus: 



The four formulas for wall paints on page 246 illustrate these principles. 

In actual industrial pracdce, these flat and semi-flat effects are sometimes 
obtained by the use of materials such as aluminium stearate, wax, etc., which 
cause the rehicU to assume a microscop^Uy wrinkled, porous, or otherwise 
rough surface 5 or by the use of inert pigments whose structures are irregular, 
containing particles in the forms of flat plates, needle-like crystals, etc,, 
which will extend up into the surface film, preventing it from flowing, thus: 



ff a mat finish is attempted by diluting a ready-made paint excessively 
with turpentine, the effect may be mat, but the film may also be weakened 
to such an extent that the lament is liable to chalk off oTentually, or the 
film to crack or display other defects, The diagram in such a case would show 
pigment particles surrounded by a layer so thin and porous as to offer them 
slight protection against being rubbed off or picked up by subsequent coats. 

When normally glossy pure oil colours are applied over grounds that are 
considerably more absorbent than the average prepared ardsu' canvas, 
usually enough of the excess oil is absorbed into the ground to produce a mat 
surface on the painting; but it is not always possible to rely upon such action 
to produce finished paintings which will present a uniformly mat finish. A 
fairly exact degree of absorbency must be worked out for the ground if it is 
not to have the disadvantages of being too absorbent or too impervious as 
mentioned in the chapter on grounds; it is not always possible to prepare 
either grounds or paint layers of such uniform quality atid thickness that 
there not eventually be dull and glossy spots in the picture; the first 
or direct painting on the absorbent ground will act as a priming coat, upon 
which subsequent brush strokes will appear more glossy. If the paint or 
medium rnwrains reriiis, or is otherwise more glossy than normal oil colour, 
irregular glossy spots will be sull more likely to form. Some painters, how¬ 
ever, particularly those whose techniques may be for the most part clasrified 
as simple and direct, have succeeded in applying this system of mat oil 
painting with good results. The use of a final varnish or treatment, after a 
paintiog has become dry, to produce a flat finish, is discussed under mat 
varnishes on pages 16^—6. 
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w’ typed weD^pamted «*mple of perm^em dl paioting 
does n« Hava a mat finish, and paint lachnologists agt^ in daclaiC 
d^adUty or oon-yellowing propartias ara sacnficed l^i^pting to l^itata 

"■ ’'hich 'lo not nSny b.long 

to the ml medium Until compm^tieely rKent jMm, euel peimings in S 
were nerer to U other thuj ^o«y. The end v^is^eed in 

^ “* tnateriek which ere peniculerly noted 

•'Itwive pro^«i neither do they giro irmour pl.te protecUon 
the pgmeate; they do gire edequete, dnreWe eerrice undfr normal 
(»ndmon.. Nevertheleee, conditione do not hare to be remored very far from 
too normal to cause abnormal reaults. 

Met Effect 0 / Aq>iet,m Butdsrs. As a general rule the aqueous mediums 
su^ w are em^oyed m water colour and tempera, contain more powerful 
adhe«T« than do oU mediums, and once the correct proportion of lament 
and binder IS ^abUshed they may be dtluced with their voUtile ^vent 
(water) as freely as desired, without the dangers mentioned above (see 
diagrams oa page 19). Waur colour in particular may be thinned down to the 

faintest wh without iu permanmity'i h^ impeiredi the open-Uxtured 
pajwr wiU snU hold the |ngment perticlesin ittintemicas, banding the picture 
to the surface. With aqueous bindere, the met finisb is a function of the pig- 
menij the dear medium, if used alone, would dry to a glossy finish when 
appheo to a non-absorbent surface. 

Struett^ 0 / Paita Ftim*. Scrajing fairly ft^ layers of paint from a 
canvas with the palette knife is a good way to reduce oranhick layeie of 
undeipsinting (unless the effect is not in accoH with the artist’s personal 
technique), as the surface obtained is technically or structurally well suited 
to receive overpaimings, and reeults in the formation of paint films of areat 
durability. ® 

An artistic oil painting with its broken areas of aeparau brush strokes has 
a large advantage, as to duraMUty, over ordinary wall paint with iu con- 
liouous film of uniform thick naas. Occasional heavy impasto strokes may 
safely be used in combination with thinner paintings expannon and contras 
tion due to atmoepheric changes or to the flexing of a canvas will not readily 
cause cracking in such cases. Uniformly thick pasty painting over wide areas 
however, soon leads to cracking, becauM the resulting film acts as a unit in 
expansion and contraction. The life of bouse paints, whose formulas sacrifice 
the extreme permanence of artists' paints for other considerations, is greatly 
prolonged by correa spiJication. One of the first rules for apjjying continuous 
films of industrial paints and varnishes is to keep the layers thin; several thin 
coats always are preferred to one beery pesiy coat of equal thickness. Coatings 
applied in this manner are less likely to become defective. 

Theoretically, and in the results of laboratory tests, the application of a 
coat of oil paint over a recently dried layer does not produce such a desirable 
$truct\n*Bl effect as its application over a completely dry film, or over one 
which has not quite set to dryness. However, this is not a seriously important 
point in practice, espedally when pure linseed is used in normri tech- 
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niquee. All other condiUons heing satisfactory, oil paint may safely be over- 
painted at any stage, $o loog as its surface is su^dently firm to resist being 
picked up, and so long as ii has sufficient tooth or absorbency to hold the new 
paint. 

The spontaneous volume changes and movements involved in the drying 
of oii films are somewhat different in type from the movements which may 
occur in dried or aged films. It should be remembered that the former actions 
are temporary, that is, they take placa only once, et the ume of drying, 
during a period when the fi^biUty of all elements of the paint structure is 
greater and more uniform than it will be in the finally dried painting. 

The movements which affect the permanence of a dried painting and 
which are induced by external forces^temperature end humidi^ fluctua¬ 
tions, and the like—are permanent possibilities. A well-painted picture is de¬ 
signed to withstand these forces when they occur in average normal degree^ 
when they occur in extreme severity they may exert their destructive effects 
at any rime during the life of the paintingj cracldng, peeling, and other such 
defects are liable to be the result of faulty practice at any time after the 
various layers of the painting structure have dried and assumed the greater 
part of their final characteristics, 

As a general rule, defects which are a direct result of the application of 
overpainring while the underpaiming is not in the ideal stage to receive it, 
should occur within rix months- The choice of materials and methods for 
building up a structure that will withstand ag© and variable external condi¬ 
tions is a more important considerarion than the order of painting on newly 
dried surfaces, 

When a dried paindng presents a sUck or waxy surface upon which fresh 
paint does not take well, and when it seems necessary to make some pro¬ 
vision for the permanent adherence of the new coal, it is better to do so by 
roughening the surface slightly than by coating it with some foreign material 
which will add another element to the structure and introduce an additional 
danger. Roughening the paint surface to supply a key or tooth for further 
paint may be done by rubbing it gently with a mild abrasive, such as finely 
powdered pumice, bread, a rubber eraser, or art-gum^ in the case of delicate 
films and glazes, care mmt be taken not to destroy more paint surface than is 
intended. Freshly dried surfaces which have become soiled by handling are 
best cleaned with balls of soft bread. A good retouch varnish can safely be 
used to bring out dull spots during painting, provided it is kept to a thin 
layer. 

On page 351 there is a diagram representing the dissection of an average 
oil painting; this may be consulted in connection with the present subject. 

Painting Over Old Carwases. The practice of printing over an old picture 
is certain to lead to unwanted effects; if it is necessary to utilise old canvases 
for the sake of economy, it is best to remove the entire old painting and 
ground. If the canvas is soaked in a tub of water overnight, the entire work 
can sometimes be scraped off the* following day, leaving few traces. If this 
doee not work, it is best to discard the canvas. Fresh paint, as peviously 
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mentioned, can be scraped off with a putty knife, and the surface thus ei- 
p<«d ujuelly presents an exceUenl foundation for repainting. Removal of 
old paint from easel paintinga or walk in a wholesale manner with paini- 
is not b# recommendedj paint-remover contains paraffin wax ^ch 
^ be left embedded in the aurfacoi atide from this, the action of the solvent 
IS hiely to leave remnants of the ground or undei^^ting, in a weakened 
condition. Alkaline or add solutions will also leave injurious substances in the 
surface. 

Old pointings will always show through newer painting eventually, on 
^ount^ ^e Waring transparency of the agring paint film (seepage 99). 
When the brush work of the fim picture contains impasto strekee or brush 
marks even slightly thicker than a iMn fiatnem, ghosts of the original work 
wtil show up m a disconcerting manner. The presence in the original 
painting of reacnve materials, espedally rinc and poppy dl, and variations 
m tht original film’s conrisuoty and thickness all present elemenu of danger 
to the final work. Isolation of the old paiming with a layar of casein or other 
material which U dissiaijlar to the paint, introduces an additional element of 
complexity and is not in accordance with the rules for the correct ffradation 
of layers. 

The following u a rdsumd of the more Important points to be observed in 
painting a permanent picture in the ample, ctraight oU technique; 

1. Select a luppcn which is Rahle in itself and suffidently durable to 
withstand the conditions under which it is expected to left. Canvas mu« be 
securely and permanently fastened to its stretcher end penels must be 
correctly braced or framed. 

^ The ground must pos s es s abeorbeacy, porodiy, roughne«, or a com¬ 
bination of these properties to a definite degTM depending on the require¬ 
ments of the work and sufficient to create the proper mechanical bond between 
the surface and the coating. The graund must be u white es posrifale, and a 
thin glue lira should isolate linseed oil from vegetable fibres. 

5. The common procedure (aubjea lo numerous venations) is to sketch 
or trace ■ preliminary drawing on the ground with charcoal or pencil, The 
drawing lines are then usually gone over with very fluid oil paint, conuining 
at least 50% thinner. On goas^type giounds, thin water colour or ink may 
be used. Before applying oil paint over charcoal or chalk, the excess partidea 
should be dusted off by flicking lightly with a doth. 

4. If more than one layer of paint is to be applied the firet coat should be 
kept thin and even, as far as the nature of the work permits. Pigments in the 
high or very high lisu on page 11 ? should never be used full strength in 
underprimingsi they should be mixed with at least 40% of pigments of 
lower oil absorption if they are to be overprinted with average colours. Paint 
must not be applied to completely dried, glassy, non-absorbent under¬ 
printings because of the poor adherion between such surfaces and fresh print. 
Overpainting during the period of from one week to two or three months 
after oil paint has dried is conridered dangerous by some workers, as the 
paint undergoes shrinkage, but with the possible exception of a complete set 
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of colours aJ] ijound ia poppj oil is not an important precaution- In all 
further applications of paint, no pigment of low oil absorption should be 
placed over one of appreciably higher oil content. Thinning with turpentine, 
espemlly in upper coats and with thicker films, must be done with care so as 
not to weaken the resulting Him or make it too brittle. Heavy impasio strokes 
have good durability only when broken or scattered. Continuous thick, pasty 
layers are e:ctremely liable to crack. 

5. Depending upon the thickness of the paint film, a final picture varnish 
should be applied after the oil paint has dried so completely that all appreci* 
able expantion or contraction in its volume has ceased^ it should receive a 
thin but adequate coat of picture varnish. In the case of a picture of common 
or average thickness the drying time will be from three to six months. Very 
heavy paint may lake longer, very thin paint less than three months- Ex¬ 
tremely thin layers and glazes may be varnished as soon as they have become 
completely dry to the touch. No oil paintings should be left unvarnished for 
more than a year, xmless they are very carefully stored. 

Defects in Oil Paintings 

Cracking. 1. Coats of paint less flezihle than underlying coats. This condi¬ 
tion can exist when the underpainting contains considerable more oil than 
the overpaintlog, when it contains a vehicle of entirely different and less 
brittle composition, or when the lop layer of paint was over-diluted with 
turpentine. The cracking usually appeaie as an ‘alligator’ design of fine lines 
with sharp edges, occasionally quite deep, but more often a surface effect. 
Cracks from this cause are liable to occur soon after the drying of the paint. 

2. Painting over a glossy, smooth, hard surface on which the flexible 
paint will creep or crawl. Usudly the effect is worst when the top coat is thick j 
it will then display wide fissures with irregular edges, the hard uncracked 
ground underneath being clearly visible. The technical term for this defect 
is traction. 

5. The use of materials which have the constitutive or inherent property 
of cracking, either alone or when mixed with certain other ingredients 
(asphaltum, copal, Van Dyke brown, etc.). 

4. Extreme changes of temperature, esperially extreme cold. Storage in 
unheated hulldiogs during severe winters Causes a characteristic design of 
cracks in concentric drcles^ the cracking usually goes all the way through the 
ground. Copal and other mbdng varnishes are particularly susceptible. The 
rapd disintegration of old European paintings when brought into steam- 
heated apartments is well known ^ panels suffer more than canvases in this 
respect, 

5. Lack of rigidity of support; continual flexing of canvaa, or warping of 
panel. Cracks from sudi causes are liable to curl up at the edges, and particles 
will become detached if the paint is brittle. Cracks on panels are long and 
straight, parallel to the grain of the wood; on canvas, they are fine and 
crumbly. This is a common form of cracking, particularly in the case of 
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canvases which have been roiled, improperly stretched or stretched too li^ht, 
or expanded (keyed) too frequently after the ground has become brit tle . 
Canvases which have been tidily rolled for a considerable length of lime 
will crack through the ground in long, closely branched veins parallel to the 
axis of the roll. An ideal rule is that peinungs on canvas should never be 
rolled; when circumstances make it necessary, they should be rolled face out, 
on cylinders of the largest possible diameter. 

6. Faulty grounds, Tins cause can be detected easily. Gesso over im¬ 

properly seleaed wood wiU crack along the grain of the wood; when cloth is 
glued to the wood as a bacldng for the gesso, web-like oacks appear if it 

has not been securely glued down. 

7. Too much drier. The cracks are rimilar to these described under No. 1, 

but are usually wider (see Drier$). 

Poppy dl wiU crack in the same manner as Unseed under all the above 
conditions; it is generally agreed, however, that its cracking wiU ba more 
exaggerated and that it will begin to creek under less extreme conditions thao 
will linseed oil. The typical poppy oil crackle under normal painting condi¬ 
tions is likely to result in an elongated alligator pattern with rsgg^ edges 
along the short sides of the pettera; the Useures are usually wide enough to 
reveal the ground underneath. 

These descriptions of the various types of crackle are not to be uken as 
infallible; they merely indicate the most usual or likely manifestations. As 
everyone experienced with the failures of peine films kn^s, almost any vari¬ 
ation of cTKkle effect may appear as the result of e slight variation in the 
conditions under which the psiacipal cause operates. Where a crackle effect 
in oil coatings is deliberately sought after (as in some of the industriai 
decorative crystalliziBg tiniihes) by the addition of certsdn xnetsrials or by 
the manipulation of oven temperatures, exact conditions must be main¬ 
tained or the effea will be erratic or unsuccessful. 

Flaking (detachment tjl small pieces of the paint film). 1. Moisture 
penetrating canvas from rear. 

2. See Crackingy second paragraph. Inflexible or brittle paint will flake 
off instead of creepang. 

9. Faulty, brittle canvas, espedally the cheaper commercial grades. Small 
flakes of the paint Him will become detached, even though the ground itself 
cracks in larger areas. 

4. Variations in humidity. The resulting expansion and contraction of 
the ground or support vriU cause brittle paint to flake off. 

fFrinkiing. 1. Excess of medium; not enough pgment to rrinforce film. 

2. If in varnish film only, too heavy ap^ication. 

9. Compression caused by concave wer^xog of panel or by reversed (face 
inward) rolling of canvas. 

4. Use of materials which wrinkle inherently (asphaltum, megilp, too 
much drier, etc.). 

Cmmbling or Powdering- Too much thinning or dilution of the paint; 
too little binding medium; disintegration of In nding material. 
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Blisters are of two linds. Some are formed by the paint film separating 
from the gronnd or undercoat, others by the entire paint film and ground 
separating from the support. Causes of blisters of the Utter type are; 

1. Moisture attacldng the canras from the bacL 

3. Leek of adhesion of the paint film or ground in spots. This may he due 
to any one of several drcumstances; the canvas or grotmd may have been 
damp or oily when painted overj the ground may have been too slick or non- 
absorbent^ the difference in composition and physical properties between the 
two layers may be too great. 

Blisters in only the top fUm of paint and not in the underpainting are 
dif^cult to explain. They are usually due to accidental conditions and rarely 
occur. They may be caused by a lack of tooth in the underpainting or by the 
presence of small oily or non-absorbent spots. 

Darkening or Excessive Yeliowi^. The use of an excess of linseed oili the 
use of copal varnish or inferior oilsj the action of sulphur fumes on lead and 
copper pigmantsi the normal yellowing of, and absorption of dirt by, varnish 
on old paintings; the old practice of 'oiling out’ or rubbing a picture with 
linseed or other oil repeatedly, instead of varnishiDg it. An experienced 
person can usually determine the cause of a specific case of yello>riiig. 

A normal oil painting requires an average, normal amount of daylight 
(not direct sun rays) during the time of its drying and for a few weeks there¬ 
after. If the painting dries in a dark or dimly lighted place it Is Liable to turn 
dark; should this occur it can be brought back to normal by a week or so of 
exposure to north daylight. An abnormally humid atmosphere also promotes 
yellowing during the drying period. 

Streamlines. The surface defect resembling drops of water running down 
a window pane is variously known by painters and point technicians as 
frilling, curtains, runs, or tears. When these occur in the varnish film they 
have usually been caused by applying the varnish while the painting was in a 
vertical position, the varnish having then set while it was flowing down the 
surface. If they are in the paint itself, there was too much medium in pro¬ 
portion to the pigment—the paint was too fluid. Picture varnish is intended 
to be applied while a jacture is in a level, liorizonial position. When paintings 
roust by reason of certain circumstances be varnished in situ, they may some¬ 
times be treated successfully by methods referred to on page 557. 


Varnishes 

A varnish is a liquid which, when coated over a solid surface, dries to a 
transparent film of varying degrees of gloss, toxighness, flexibility, and pro¬ 
tection, depending upon its composition. Vamisbes may be divided into 
several groups: 

1. Simple SoliUions of Resins in Solvents. Examples: darner varnish, a 
solution of damar resin in turpentine; shellac varnish, a solution of refined 
shellac in alcohol. These varnishes dry by complete evaporation of the solvent, 
which Leaves a Uun, transparent coating of the pure resin. They can be made 
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at home siwcessfuUy. They hare been frequenUy called 'spirit varnishes*, 
but this term applies more accurately to \jx which alcohol is the only 
solveat. 

2. CooAacf Oil and Resin ydmiskes. Solutions of resins either natural or 
synthetic, which ere made by cooHng them with vU and then thinning with 
turpentine or its equivalent^ driere always added. Example, linseed c^-copal 
Tsrnish. The drying action is complex; first the turpentine evaporates com* 
plecely, then the col solidifies (oxidizes). Hieee var^shes cannot be succ^- 
fully prepared by other than large-ecele industrial methods, attended by 
expert manipulation. With few exceptions they cannot be mixed with other 
varnishes and cdls without disintegration. The terms lon^ ml and short oil 
refer to the relative proportions of and rean in various types. 

5. Modern Pyroxylin {Celhdose) Lacquers. These p^ucts, made of 
niirocelluloie, cellulose acetate, viscose, celluloid scrap, and other forms of 
celluloee, are industrially important, W they are of small value in per¬ 
manent artistic painting, as ih^ dural^^ is extremely questionable. Their 
compoaiuons ere so varied that it is unwise to use them without first applying 
tests, especially in regard to darkening on exposure to light. They are 
0 nerally applied by spraying. The finished products are sold under many 
trade names, such as Abraco), Cellon, Robbial^ etc. 

The cellulose maurials used do not disaolve in drying oils, turpentioe, or 
alcohol, and the lacquers are made by dissolving them in special solvents, 
such as acetone, ethyl ecetate, bucyl alcohol, amyl acetate, etc. 

Tinting colours for lacquers are aometimes ground in castor oil, which 
generaliy mixes well with lacquers and also acts as a plasciciter. It is often 
employed for that purpose alone or together with a miscellineous list of other 
substances, most of which have a bad effect on the life of the lacquer. Lac¬ 
quers, particularly those containing such additions, have delicately balanced 
formulas, and require expert, experienced cere in their manufacture and 
application. Because of thair rapad rata of evaporation, the pigmented lac- 
quart must be ground in ball mills (psge 254). 

These modern lacquers have good qiielides which have been factors in 
their supplanting the older fimshes for coating indusiriai products; but their 
principal advantage in this use is thrir high drying speed, which makes them 
particulsrly adaptable to the moss {woduccioa system. This is notably true 
in the automobile industry, where they hare entirely replaced the older 
types of coach remishes. No successful application of these materials to 
thoroughly permanent artistic painting bas so far been accomplished. They 
have undesirable qualities when used as picture vamuhes or as isolating 
mediuxzis. 

4. Oriertial Naxural Lacquers. Theae exude ht>m trees in a liquid state, 
They include the original hfing-Po lacquer of China, the industrially im> 
poTtant Japanese lacquer, and the Itcqueie of India, Ceylon, and Burma, None 
of these varnishes is exported, but each is used for the manufacture of 
Iscqusr-ware locally. 

5. fVaier yarrdshes. These comprise a small group of little importance; 
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they are either solutions of water-«>luble gums, or emulsions o£ resins, They 
have jio use in aitistac painting. 

Home-Made Varnishes 

The simple-solution varnishes are of the most interest to the artist and, 
with few exceptions, are the only ones he should use. 

The rate of solution of any solid increasee when the surface exposed to the 
liquid is increased^ this is ordinarily accomplished hy crushing or grinding 
the solid into fine particles. In the cose of adhesive substances such as resins 
and gums, however, this attempt is defeated by the re* joining of the particles 
or small lumps with each other, the partially dissolved or softened material 
forming a solid lump. There are three ways of overcoming this: (1) enclosing 
the resin in a suspended mesh bag or box which vrill allow the heavy solution 
to tinh to the bottom of the container, keeping the crushed pieces exposed to 
the action of the solvent^ (2) mixing clean, coarse sand with the powdered 
material and thus interfering with the adhesion of the panicles ^ (5) continu¬ 
ously agitating the batch with a power device. The first is the simplest and 
most efficient for occasional home use; tfa e last is the method used in industrial 
production. 

To make simple-solution varnishes, place the resin on cheesecloth, tie or 
sew the cloth together in the form of a bag, and suspend it in a container of 
the solvent overnight. Strain the solution through a cloth and allow it to 
settle for at least a week. The vride-mouthed glass jar, crock, or tin can used 
should be of such shape and capacity as to allow the bag to be completely suV 
merged in the liquid without touching the bottom or tides of the vessel. The 
careful worker will regulate the shape of the cheesecloth bag to this end. To 
prevent too much evaporation of the solvent and also to keep out dust, the 
vessel may be covered. Sometimes it is possible to rig up a tightly covered jar, 
the bag suspended by a cord Qxed to the cover. 

The bag may also be lied to a flat stick which rests on the edges of the 
vessel, and solution may sometimes be expedited by lifting it occasionally, 
allowing the heavier solution to drain out of the bag. If one is sufildenily 
experienced to judge the contistency of varnish without depending on exact 
formula measurements, or if the purpose for which the varnish is to be em¬ 
ployed doss not demand accurate measurements, a rapid method Is to use an 
excess of resin, by which means a suffidently heavy solution can be made in a 
few hours, the balance of the redn to be dissolved in fresh solvent at one’s 
leisure. Under ordinary conditions from twenty-four to thirty-six hours are 
required to make a varnish of the usual concentrations; but th is varies ac¬ 
cording to such factors as temperature, type of resin used, and the site of the 
batch. 

On a larger scale, in factories, the resin is vigorously end continuously 
shaken up with the solvent in a revolving barrel or other agitating device 
until completely dissolved, and then it is clarified by being run through a 
centrifugal machine—a much more rapid procedure. U a solutionis attempted 
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by placing tha resin in the stareni direaly withoxu the cheesecloth, unless it 
is consianUy and vigorously agitated it will form a compe© mass and dissolve 
very slowly, Small-scale thalrfng or agiuting dericee operated by small 
electric motors can be imptiTised when dreumsunces warrant thdr use. 
Acceleration of the solvent ection by the appUcation of heat almost always 
darkens or otherwise altera the restilijg A fire risk is also involved, 

Simple solutions of ream in solvents, made without mis and drien, are 
known in the vanrish indusOy as 'cold-cuf varnishes, even though steam 
heat is occasionally used to accelerate the solution. The various concentra¬ 
tions are known as 5 lb. cut, 6 lb- cut, etc-, the figure refining to the number 
of pounds of resin added to gallon of solvent. 

Us£s OF Varnishes 

Varnishes are used by painters for the following purposes, each ona of 
which demands a product that conforms to certain requirements, u listed 
under the respecdve headings: 

1 - As a p a intin g medium or uigredient in painting mediums for various 
techniques ^ psdntiag in oil. 

2, As a picture varnish or final coedng for ^ or tempera paintings, both 
for protective purposes and to produce a desired uniform ^nish. 

9. As an ingredient in glare mediu ms. 

4. As an ingredient in tempera emulsions. 

9. At a thin, isolating film between coats of paint in certain techniques, 
and as a size to prepare absorbent surfaces for painting. 

The following ideal specifications for a picture varnish as drawn up by 
the committee on the restoration of paintings and the use of vemUh of the 
International Conference for the Study of beatific Methods for Examina¬ 
tion and Preservation of Works of Art, Rome, October 1990, are quoted in a 
recent paper*: 

*1. It should protea the painting from atmospheric impurities, 

*2. Its cohetion and elasticity should be such as to allow for all ordinary 
changes in atmospheric conditions and temperature- 

*9. The elasticity of the paint and tissues under the varnish should 
be preserved. 

*4. It should be transparent and colourieas. 

'5. It should be capable of bring applied thinly. 

*6. It should not bloom. 

‘7. It should be eatily remorable. 

‘8. It should not be ^oasy.' 

The author reports that the 'committee could not recommend any 
varnish that meets these reqxnrements*. 

Our two most generally approved picture varnishes, a pure solution of 
da mar in turpentine and a pure tcdution oi mastic in turpentine or alcohol, 

* Gettens, Rutherford J., 'Cfaemical Problems in the Fine Arts.' Journal of 
Cfcsnucdi iLducoeioit, Nov, 1934- 
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most nearly approach these spedhcatioiis} mastie turns yellow qmt9 badly 
with and also fails to meet spedhcatioiis Nos. 6 and d; da mar, whan care¬ 
fully made and especially when forti^ed with a small amount of stand oil 
(5% or less), will comply with spedfication No. 6. The most successful non- 
^lossy or mat Tarnish, as desciibed in this chapter, leeras much to be desired 
but, as I have noted, gloss is a natural characteristic of the oil and yamish 
process, and no dead mat finish can equal the diu^blEty of a gloss finish. This 
is true of any Mod of painting which employs a binder that locks in the particles 
or which produces a clear coating in a level continuous film. The composi- 
Uons of rarious prepared gla 2 e and painting mediums is discussed under 
Glazing. 

Early manuscripts, be^nning with those of the eighth century, gire a 
great nximber of redpes for the preparation of varnishes; until the end of 
the fifteenth century most of them were rather crude and not applicable to 
very delicate manipulations. Laurie*® divides such recipes into two groups: 
those before 1500, and those of the sixteenth century and later, when alcohol 
and turpentine were commercially available and the dmple-solution and 
thinned-down oil varnish types came into wide general use. 

Most of the older redpes for varnishes up to recent decades of the present 
century are not to be followed blindly as practical materials by painters who 
do not have the knowledge and experience to pass judgment on their suite- 
Idlity, and to make adjustments accordingly. 


Resins 

The natural redns are hardened exudations from trees. Those which 
exude or are extracted fiom living trees ere sometimes called *recent resins’ 
to distinguish them from the ‘fossil redns' which are dug from the earth or 
recovered from the beds of streams where they have been deposited by vege¬ 
tation of former rimes, Some of these fosdl redns are identical with or 
analogous to resins obtained from living trees in the same locality; others are 
the remains of completely extinct vegetation. 

Resins are insoluble in water, but will dissolve wholly or partially in 
such liquids as oils, alcohol, turpentine, etc. In the varnish industry, resins 
are commonly known as gums—daiaar gum, kauri gum, gum copal, etc.—-but 
when they are conddered for artistic or scientific discussion the predse term 
redn is always used, and the term gum is applied only to water-soluble sub¬ 
stances. As the varnish industry is Ettle concerned with the true gums, it uses 
this term without much confusion. (See page 279.) 

Redns vary greatly in properties such as odour, shape, hardness, solu- 
biltcy, colour, and colour stability, and spedmens of die various Mods and 
varieties are easily distinguished from one another. Many redns bear the 
names of localities; these sometimes represent their places of origin, but more 
often the ports from which they are shipped- The various spodee come on the 
market in more or less well-standardized grades or qualiUee, each vrith its 
own system of grading and designation. The terms bold and sorts both indi- 
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cate that the grade is larply or entirely composed of dean jnecee of the 
largest size. Grades of teems whkh consist of small fragments or powder 
always contain large amounts of imporidee and usually considerable low- 
grade resin. Adulteration with cheaper resins is posnble only in these gradesj 
adulterants would he detected immediately ^^Tr^nnp the large mecee of the 
better grades. 

Films of pure resins, as formed by simple-solution Tarnishes, have a con- 
siderahly higher resistance to permeadon by water vapour than ml films have, 
but they are less durable in odier respects. 


DamaA 

Damar is gathered forest trees, numeroui varieties of Shor$a and 
Hopea. It comee from Straits Settlements, Borneo, Java, and Sumatra. There 
are many grades on the market; large, clean, colourieea, or pale straw- 
coloured lumps should be selected if possible. The two principal varieties 
usually available are Singapore and Batavia, named for their concentration 
and shipping pointt. No. 1 ^ngapore is preferred by many for i^ture var- 
nishes, althoxagh Grade A Batavia is more ejtpannve and is considered better 
by industrial consumers. Sometimes various infanor and less standardised 
varieties, such as Pedang and East India, are available. These are rather fine 
points, as the evernge retail buyer may often have little or no chmce. No. 1 
Singapore damar comas on the market in whole and broken pebbles and 
short stalactitk t^eees, bright, clear, and transparent, raagiog in colour from 
water-white to a deep straw. The whole pieces appear sofflowhat opaque, due 
to a powdery dust of the resin, but the fractured facets are dear. The largest 
lumps are about 1 1 inches in ^ameter, but the average ^ece is constdsribly 
smaller. Grade A Batavia comes in considerably larger paces, meetly counded 
lumps. Damar resin has e faint characteristic odour. 

Although Grade A Batavia is more erpensive, No. 1 Singapore is more 
suiuble for artists’ rimf^e-sdution vamshes; its is harder and it seems 
to have Ises tenden^ to bloom. One may select his own spedal grade by 
picking out the cleanest and most colouriess pieces, choosing, say, the best 
two pounds out of a five-pound lot. When such selected gredee were on the 
market their prices were very high, not only on account of the labour in¬ 
volved but also because mw then helf of the original material would no 
longer be No. 1 grade, and had to be sold et low prices for less exacting 
purposes. 

Turpentine is the solvent for damar varaish. While alcohol will attack 
and destroy a dry film of the varnish, it is not suitable to use as a solvent for 
damar varnish as the resin is very imperfectly soluble in it. Ordinejy mineral 
spirit will not ^ssolve the resin cold, nor will it mix with the varnish without 
impairing its properties, except in the case of very dilute solutions. Many of 
the more powerful, spedal advents will dissolve damar, but are not ordinary 
employed for this purpose. 

Damar varnish retains hs colourless appearance longer than any other 
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common varnish, because the resin itself contains little or no colounng 
matter, its slightly yellovrisK tone being caused mainly by leaves, bark, and 
other impunties, Fresh damax yields a more colourless solution, the impxiri- 
ties apparently becoming more soluble with age. 

Proportions. The customary average formula for damar varnish is a 5 
pound cut, or 5 pounds to each gallon of turpentine; this is the varnish re> 
ferred to as standard damar in this book. For use as a picture vaxrush it must 
be thinned with pure turpentine to a usable brushing or spraying con- 
dstency, according to the ret^uirements and nature of the work and the 
judgment of the individual; about 4 parts of this varnish to 1 part of tur¬ 
pentine will meet the majority of brushing requirements, Some of the ready¬ 
made grades are a scant 4 pound cut, In the case of such mixtures as tempera 
and glaze mediums it is added full strength as called for in the formulas. In 
some instances it is convenient to have it slightly heavier—6^ pounds to the 
gallon—and in this proportion it is the varnish referred to as damar of 
heavier-than-average consistency. When a heavy, viscous solution is desired, 
an 8 pound cut is made. There is ordinarily some waste of rean in preparing 
varnishes, espeually in home methods; t>ii< may compensated for by the 
addition of a corresponding amount of resin, according to the judgment and 
experience of the worker—roughly, a little less than an ounce for each pound. 

To make approximately one pint of these various concentrations, dissolve 
the following amounts of damar in ten fluid ounces of turpentine: 

5 pound Cut— 6^ ounces 
61 pound cut— $1 ounces 
8 pound cut—10 ounces 

Allowing for the average waste end the loss from impurities, one pound 
of No. 1 Singapore damar rean when dissolved will bulk approximately 14J 
fluid ounces; or one ounce will bulk 0*9 fluid ounce. 

While modem practice quite properly lays stress upon accurate control of 
formulas, an experienced person can jud^ the viscosity of varnishes by 
examining the way they flow from a brush or stirring rod, (See also page 
156.) Until comparatively recent years, varnishes were seldom made by a 
strict adherence to sundard formulas, but were altered during manufacture 
according to the judgment of the expert worker, which accounts for the 
rather vague proportions given in some of the earlier recipes. Becauso of 
variations in supplies and drcurasiances, some painters prefer to depend on 
©xperiance and the 'feel’ of the varnish in thinning it for use, rather than to 
adhere strictly to exact recipes; they make a heavy cut by placing an excess 
of resin in the solvent, a procedure more rajad than waiting for all of a given 
amount to dissolve. 

When of the highest quality, damar varnish is 5traw<oloured and almost 
clear, the slight cloudiness being due to waxes which are imperfectly soluble 
in turpentine, but which are clear and transparent when dry. To clarify the 
damar varnish made according to the method previously mentioned, add a 
little acetone, anhydrous alcohol, or methanol in very small portions until 
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the Tarnish is daar (shaking or sUrring vigorously after each addition). When 
the clarifier is first added, e white, curdy irecapute of ww formsi bat it re¬ 
dissolves at oxxe upon shahing. 

Partial clarification of the Tarnish improres its appearance in the bottle 
and seems to help in prerenting bloom} howoTer, the addition of too much 
clarifier might haTe a dertrucliTe solTenl acdon on underpaintings. 

D^-wasin^, If the addition of these solrents is continued beyond the 
point where the solution becomes dear, the wax will separate permanently 
and must be retnoTed by fihratioii or senling. RemoTal of wax from damar is 
not recommended for btcj^ Tarnish purpoeea, as the durability of the 
Tarnish u likely to be impaired. De-waxing is a practice borrowed from the 
lacquer industry which uses damar resb in certain types of coatings where 
the presence of these waxes is undedrable. 

Impurities in the form of a reddish powder will often settle out of freshly 
prepared damar varnish. These may be removed by allowing the varnish to 
settie for t week or so, then straining it through cotton sheeting or other 
doth. These impurities are berk or wood dust, and in some cases thdr amount 
may be decreased by washing the resin in water, being very careful to dry it 
thoroughly before putting it into the turpentine. CommardtUy prepared 
damar is sometimes chsspenad by substituting the offanrirely odorous 
steam-distilled turpentine, or by using up to 50% miaeral spirit. The former 
will not affect the quality of the vamiah, but the latter may make it dsrk and 
turbid. Clear damar varmsh sold in for industrial finishes is almost 
always improved' by the eddition of oils and other Tamishesj only those 
brands made axpresaiy for artists' use and sold \jy reliable firms should be 
purchased for artistic work. 

Damar varaisb, when properly made and applied, has leas tendency to 
bloom than the other picture varnishes. There is no truly non-blooming sur¬ 
face} even a sheet of glass will bloom. If bloom forms on correctly applied 
damar it will generally be only e surface effect, easily wiped away. (Sea page 
55^.) The worst sort of persistent bloom, that which apparently lies below 
the surface of the vstnush, is undoubtedly cexised by moisture in the in¬ 
gredients or by the conde p satio n of moisture on the surface during its drying. 
The molecular action involved in the evaporation of a film increasea its 
temperature, and minute amounts of moisture are thereby condensed on the 
surface. This theory has been advanced to ex]dain why some materials have a 
greater tendency to bloom than othan. 

The recorded history of damar is not long, but there are many early 
nineteenth-century references bo its use as a well-known, accepted resin, and 
it is likely that prior to the extenrive development of the trade in lands of its 
origin, the material circulated in Europe imder the name of some reun of 
similar appearance. Early references call for * Demos, or common white resin’, 
’Gum de Mar,’ etc. According to Bany,^ the Malayan word damar is not a 
specific term for the rean, but means torch} flares or torches for local use are 
made &om the G^ees. 
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Mastic 

Mastic rew is ottained from Pistachia Untiscusy a tree which growa in 
all coimtiias bordering on the MediterraneaD. The resin conies on the market 
in the form of round^ drope or tears, about 1 inch or less in diameter. It has 
a dear, rather bright yellowish colour which turns deeper and duller on 
ageing. It is somewhat brittle but softens at a low temperature; some of the 
finest and largest pieces are used locally as a chewing gum; hence its name. 
The finest grade is called Chios mastic; it has been known and used since the 
earliest recorded times. 

Fresh mastic dissolres into a perfectly clear ramish with alcohol, tur¬ 
pentine, and most of the more powerful solvents, but it is not soluble in 
mineral spBrit. As a picture varnish, made with turpentine, mastic brushes 
and flows out to a clear, glassy coating and can be maniptdated more easily 
than damar, but its greater tendency to bloom, and its property of yellow¬ 
ing or turning to a dark brownish-yellow or greenish-brown with age, have 
made it second choice for this purpose during the present century. The 
yellowing however, is not so bad as that of copal or other cooked oU-retin 
varnishes. 

When linseed oil and mastic varnish are mixed,” a jelly-like mass is 
formed which is called meg^p (Mac^p, McGuilp, etc.). This material was 
introduced to the artist’s palette in the eighteenth century and it was em¬ 
ployed e^rtensivdy during the mueteeoth. Although it was soon realized by 
intelligent craftsmen that the use of a mastic and linseed oil mixture was 
disastrous to the life of paintings, it continued in popularity for years, and 
the failure of many nineteenth-century j^uras can be traced to its use as a 
painting medium. When mixed with oil colours, megilp imparts a marvellous 
unctuous, buttery working consistency to them, but the picture, after drying, 
is extremely liable to exhibit all sorts of erratic defects, such as crack¬ 
ing, blistering, turning brown, etc. An old film which contains megilp is so 
sentitive and soluble that it can be cleaned with solvents only by the most 
dehcate end expert manipulations. For this reason, mastic should not be 
added to oily glaze mediums, tempera, etc. Its only safe use is in timple- 
solution picture varoishee which contain no linseed, poppy, or other drying 
oils. 

A pure, straight mastic varnish is made in the same manner as damar; 
the usual proportions are 6 or 7 pounds to a gallon of turpentine. This solution 
is heavy enough for practically any use, and requires fhinning with tu^ 
pentine for average varnishing purposes. In alcohol the proportion is usually 
2^ pounds to the gallon. 

Mastic viTius Damar. A summing up of the comparative merits of damar 
and mastic shows damar to be superior in hardness and wearing qualities, 
in non-yellowirg and non-blooming. Mastic is more earily brushed and 
levelled to a smooth, even him, and it is perhaps more easily removed or 

* The mastic varnish must be of a v^ hearv coosuten^ and the ml must be 
boiled or drying oil, or else the gelatinous effect will not be produced. 
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cleaned from an old but damar's disadyantagee in these two respects 

may be overcome bj skilful manipulations. 

Some wntars state that damar has more teudency to bloom than has 
mastic^ this may be true of inferior grades of damar, but my experience has 
been the apposite. Repeated tests over a period of many years with a Singa* 
pore damar picture Tarnish containing a little anhydrous alcohol and toluol 
and up to $% stand oil, have shown it to be a superior rarzosh for general 
purposes. This small amount of stand dl does not interfere with any of the 
regular requirements of a picture varnish, and it improves its brushing and 
levelling properties. A recommended formula is 2 ounces of a 1; 1 mixture of 
stand oil and toluol to 20 ounces of damar varnish. * A further improvement 
of these properties may be bad by the u»e of soma of tho aolveuts which have 
slow rates of evaporation, as listed under VotaxiU Damar can be 

mixed with linseed dl to make permanent niediums} mastic reacts with oil 
end is not used in such mixtures. 

Sakdakac 

Sandarac is a resin wh^ exudes from the Caiiirtt quadrivaUs or Alerca 
tree grown in North Africa. U was widely employed for making protective 
and decorative coatings as wail as ardsts* mediums from vary early times, but 
has for many years bean replaced by other reams. It is quite hard end ex¬ 
tremely brittle, qualities which it retains and imparts to the varnishes made 
from it. It comes on the market in the form of yeUowtsh, opaque tsars and 
broken ^lindrical pieces. It is soluble in alcohol and the stronger solvents, 
and partially soluble in turpentine, mineral spirit, and banxol. It may also be 
dissolved in oil to make cooked varaishee. Many recapaa call for it in varying 
amounts, usually to impart bardnese to nuxtures of other resins or oils. In 
some of the earlier references to stndarsc, it is erroneously called gum juni¬ 
per, pine gum, or white jane resin. Sandarac and mas^ so far as we know, 
were the principal hard resias widely used by artists in the early days of oil 
painting. Soma investigeton suspect that sandarac is the amber mentioned in 
some of the medieval recipee. For many years it has had little or no industrial 
significance as compared with the natural and synthetic products which have 
replaced it. Although simple-solutiao varnishes made from sandarac will not 
yellow very badly compered with copal and the other cooked varnishes, they 
are generally held to ba inferior to mastic in thii respect. 

Damar or mastic can be substituted for sandarac in nwst old recipes, and if 
the result lacks the brittle hardnees of the original, so much the better in most 
cases. Sandarac varnishes of the past needed considerable addition of plani* 
dring ingredients to insure their durability} when damar is used in mediums 
in combination with stand it seldom requires much oil to produce a de¬ 
sirable, flexible Clm, and such doubtful plastidzen as non'drying oils, cam¬ 
phor, and the like are unnecessary. Rramples of widely used sandarac 
vamisbes of the past are to be found in nineteenth-century redpe books. 

* Toeh, Maxiimliaj), TskMcal n, p. 149 
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Shellac 

Shellac is obtained from the branches and twigs of several spades of trees 
in India, where it is deposited by insects which feed on the sap of the trees, 
The crude material or sticlc-lac is refined into a number of grades for various 
purposes. The best two available on the market are orange shellac, which 
comes in the form of thin, translucent orange-brown flakes, and bleached or 
white shellac, which looks like pulled molasses candy. The lees refined grades 
(seed-lac, garnet-lac, and button-lac) are a deep blood-red^ formerly \6C 
was used to make a red dye, and before the aniline dyes superseded it this 
use was the prindpal object of its cultivation, shellac for varnishes being a 
minor by-product. 

Both while and orange shellacs are entirely insoluble in turpentine and 
mineral sjdrit, but yield cloudy solutions in alcohol. The cloudiness is due to 
waxes which are imperfectly soluble in the alcohol but which become clear 
after the varnish film has dried. Many of the more powerful solvents will 
also dissolve shellac but are not commonly so used, 

As a varnish, shellac dries rafddiy to a hard, tough, flexible film, and is 
useful for varnishing floors and furniture. The surface under normal brush 
application shoves a characteristic slightly rough or orange-peel effect. Shellac 
is not used extensively in permanent painting on account of its tendency to 
turn dark with age^ some investigators also report severe cracking after five 
or ten years when it is used as a final picture varnish. However, when it has 
been diluted with pure alcohol to an extremely thin solution, its yellowing is 
not of much rignificanco, and it may be used as a siring for porous surfaces 
and as an isolating layer between films of paint in certain techniques 
(especially in tempera painting)} it has even been sold as a cheap fixative for 
charcoal and other drawings. 

This solurion, however, is not to be employed as a retouch varnish or in 
any clear coating over a painting, for in such usee its yellowing would soon be 
apparent. Shellac in any work of an must always be well covered by jog- 
mettted layers. Its complete insolubility in mineral spirit and turpentine 
makes it valuable as a tize in ordinary wall or decorative painting. Although 
dry shellac is mixed or melted with other resins and miscellaneous materials 
to make sealing wax, phonograph records, and other industrial products, the 
varnish is generally not improved by admixture with other resins and oils. 
Good grades of the varnish are sold in cans and bottles by reliable makers who 
state the contents and weight of cut on the label. A sperially refined, de¬ 
waxed shellac cut with pure alcohol, and qitite clear, was formerly called 
French varnish} but this name now has little meaning. Many inferior shellac 
substitutes are commonly sold; some of these contain materials added to 
imitate the cloudiness of true shellac} they are to be avoided, even for house¬ 
hold use. 

Freeh bleached shellac is soluble in water solutions of mild alkalis^ borax 
is the usual material used for this purpose. These solutions are used as sixes 
and siiffenera in industry, and for paper, cloth, straw, etc. If shellac varnish 
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purchased in a can ia onl^r partiallj used, the remainder is best stored in a 
glass bottle, as it is liable to darken if kept for any length of time in a metal 
can which has been opened. The white or bleached dry shellac becomes in¬ 
soluble after a few months’ storage, and must therefore be used soon alter it is 
refined. 

Other Soluble Resins 

There are a few other resins which are or bare been used in the prepara¬ 
tion of simple-soluiion ▼amishee, but they have been more or less completely 
superseded by other mateiials berth for artistic and industrial use. 

EUmi. The beet eleml is obtained from e tree which grows in the island 
of Luzon} h is shipped from Manila and is generally colled Manila elemi to 
distingTiish it from inferior ▼arietiee wMcb coma ^m Brazil, Mexico, and 
Yucatan. The purest grade Is white, grenular, and soft when fresh, but it 
darkens and becomes harder whan aged. Many niueteemh-century redpes 
call for it to impart toughness and Bexitility to coatings for vsirious uses, but 
it is doubtful whether it is durable or subU enough for use in artists’ 
materiab. It dusolvse in alcohol, beosol, tod the more powerful solvents, and 
will dissolve with some difficulty in hot turpantiDe, but this solution is not 
stable. It has a very low melting or sofuning point} harder rerios, such as 
sandarac, were usually mixed with it for best results. 

Manila Copal. Manila copal or spirit-soluble copal is a term for e number 
of variations of a rario obtained trees ia the Philippines and the most 
easterly islands of the Malay archipelago. They vary In hardneas and degree of 
solubility in elcohol. They are not to be confused with the other resins called 
copals or true copals, end are ganeraliy rather inferior for any purpose, 
being used prindpally for the cheapest grades of shaQac substitutes and for 
industrial dipping enamels. Manila copal has also been used in fixatives for 
charcoal drawings. 

Bamoint e rerin produced in Siam and alM in Sumatra and other neigh¬ 
bouring islands, is occawonaUy called for in some of the old varnish redpes 
where it evidently was empdoyed tor its odour, as it has small value as a var¬ 
nish ingredient. 


Coloured Resins 

Coloured resins were fonnarly employed not only to impart colour to 
varnishes, but actually as paint ingmeDts. Cedoured varnishes are now made 
with oil* or alcohol-soluble coal tar dyes, end those resins formerly used as 
transparent paint colours have long been replaced by more perma nent colours, 
as noted in the lists of pgments. Chief among them are; 

Lac. See shellac. 

Gamboge. K resin obtained from trees in Siam. It comes on the market 
in cylindrical pieces made by melting the reon and moulding it in bamboo. 
It is soluble in alcohol Its dear, bright, trauspar^t yellow was for a long 
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time the onlj eatisfactory yellow for glazing, but aureolin now replaces it. 
Gamboge fades rapdly in bright sunlight but is semi-permanent in diffused 
light. 

Dragon's Blood. A resin obtained from the fruit of an Asiatic tree and 
shipped prindpally from Singapore and Bauivia in the form of long, thin, 
cylindrical stichs. Other varieties are occasionally seat from other parts of the 
world. It is soluble in alcohol, beazol, mineral spirit, and some of the other 
soWenls, but only partially soluble in turpentine. Dragon^s blood has been 
employed for colouring spirit-varnishes a ruby red. Its use as a paint pigment 
dates from Roman times. It furnished a fairly light-proof colour, but one not 
to be compared to modem alirarin or even to some of the more light-resisting 
aniline colours in this respect. 

Gum ^ccroSde^ (Xanthorrhoeai black-boy gum 5 Botany Bay gum). An 
Australian resin occurring in two prinripal groups^ one has a ruby-red and the 
other a golden-yellow colour. The resin is used today to a small extent in 
industrial coloured varnishes, as the colour is satisfactory and quite permanent 
for certain industrial uses. It has some value as a vamish resin^ its film is 
rather like that of shellac. 

Twmtrk (curcuma). Prepared from the roots of several varieties of an 
Asiatic plant, This resin was formerly used to some extent as a yellow dye¬ 
stuff, and AlfM., a resinous material from the )uice of a great many varieties 
of a plant obtained from a number of tropical regions, was used as deep 
brown, Both of these products were fairly permanent as varnish-colourings, 
but less $0 than the better modem synthetic dyes. 

Oil-Solvbls Dyss. The modem transparent colourings for industrial var¬ 
nishes, oils, etc., are the oil-soluble dyestuffs. One group of these products aro 
aniline colours of comparatively good permanence but rather dull and 
limited ia colour ranges theee are cfaieBy the unsulphonated ato dyestuffs, 
which are insoluble in water but soluble in oils, retins, waxes, and most of the 
volatile solvents. A more brilliant and varied but considerably less hght- 
proof series can be made by dissolving some of the regular water-soluble 
dyestuffs and predptating them together with a retinate or rosin soap. 

Metallic So^s. The cocomerdal metallic resinates or insoluble resin soaps 
are of two kinds: fused and precipitated. The first is made by sifting metallic 
salts into molten rosin and maintaining a constant temperature until the salt 
is entirely taken up by the rotin. The second method, which produces a more 
concentrated product, is to cook rosin with alkaEes, and after the rosin soap 
has been formed, to add solutions of metallic salts, when the insoluble retinate 
will be predjritated. The driers used in paints and varnishes are carefully and 
expertly made by these same processes^ a linoleats is mads with linseed oil 
instead of rosin, a tuogate with tung oil, and a stearate with stearic acid. 

Some of the metals will produce highly coloured materials. Cobalt com¬ 
pounds of this nature are a deep rose colour; those of nickel and copper are 
bright green. Zinc and aluminium do not impart colour to thtir resinates, 
stearates, etc. According to Laurie,^ a transparent green of resinous com¬ 
position was widely used as a pigment in illuminated manuscripts from the 
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eighth to tile fifl^nth centuries; this would conospoad to e modern fused 
copper reanaie. The earliert redpe he hee ireced for this material (Do 
Mayeme MS., seventeenth century) ceUs for verdigris dissolved in Venice 
turpenrine. 


Cooked Oil and Resin Varnishes 

As previously mentioned, this cles* of varmshei is not adapted to home 
man^arture. Aside from the feet that any operation which requires the 
application of heat to inflammeble materials entails a serious lire Imzard 
(fires are of frequent occurrence even in ihe beet-regulated varnish factories 
and laboratories where provirion is made for th«r immediate control) it has 
been my experience that the quality (rf a batch smaller than five or ten 
gallons is always inferior to that of the usual 50-250 gallon batch, even when 
made in a modem vamisb Uhoraiory by expert technidans. The following 
resins are the principal materials employed for artists* vamishes of the past, 

Resins Used with Oil 

Amb«r. Amber is e foeait redn occurring in beds in the ground; the 
princi^ supply comes from East Prussia along the shores of the Baltic Sea, 
but minor deposits are found elsewhere. U la the hardest natural resin. It has 
been known from the aerliest times, and tha Peniaos and Greeks were aware 
of its property of attracting straws when rubbed. Amber vamisb has a tradi¬ 
tional reputsUon as the varnish par but it is doubtful whether any 

such product was ever in veiy wide use. Amber is an extremely insoluble end 
intractable substance, and as aQ varnish makers know, most of the old recipes 
c all in g for it ars unworkabis, b«ng either versions garbled through much 
copying, or deliberate frauds. At )^h temperatures a little amber can be 
worked into a cooked oil varnish, su<^ as copal or kauri; the product is very 
dark, usually black. If any ambtf vamisb ^ered for sale actually contains 
amber, it will be in only a very small proportion to the oil and other resins. 
It has often been suggested that some other resin, especially sandarac, was 
confused with amber by some of the medieval writers, and so called by them 
in their recipe books. The term ember was jaobebly piore descriptive than 
specific and may have referred to eny curreatly available hard, transparent 
resin. 

The various eariy words for amber end varnish have been the subject of 
much etymological research and conjecture. Beginning with the ms^eval 
Greek name Bernice or Beromce, the of which wes altered to a V sound, 
many names have been used: vennee, verenice, vemitioD, and vernix. The 
Geirnan for amber is Bemstein or Bernice's stone. The term venuce or 
vtrniC€ Uquida is em|doyed in early writings, and refers to e thi c k, heavy 
varnish composed of cooked oil and resins, which was rubbed into pen^ 
paintings warm, the pdeture then bring exposed to the direct rays of the sun 
until dried. The old reopes represent numerous variants of a cooked linseed 
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oil*‘»andardc-venice turpentine Eni:tture^ few of them are applicable to 
painting methods in use since the sixteenth century. 

Copal f'amishss. To the artist, copal yarnish is the most familiar example 
of the oil-resin type of Tarnish. The artist who has any concern for the per¬ 
manence of his work will nerer, under any drcumstances, use copal yamish 
in paintings or grounds. 

The term copal Tarnish as applied to one speditc material means practi¬ 
cally nothing. In the current market reports of the Tsmish industry, a dozen 
distinct spedes of Tarnish resins from many parts of the world, haying 
widely Taried properties, are all legitimately li^d as copaJs. Furthermore, 
&om three to ten or more grades of each are regularly on the market. 

A yamish which contains a small percentage of any one of these copal 
resins, plus large percentages of rosin and oil, is always called copal yamish. 
Kauri, an expensiye fostil resin from New Zealand, was at one time called 
copal and was highly esteemed, as were other copals now absent or rare on the 
market. 

The better kinds of copal are expentive, require the most expert manipu- 
latiOD, and probably never find their way into artists' Tarnishes. Few manu¬ 
facturers of artists’ materials maintain their own Tarnish works, and many 
compounders of paints are ignorant of the composition of the yamishes they 
buy. 

Copal Tarnishes are made by melting the resin at high temperatures, 
adding linseed or tung oil and lead or manganese driers, cooking until the 
drier is thoroughly incorporated, and thinning with turpentine substitute, 

These varnishes will always turn dark and are extremely liable to crack 
with age particularly if mixed with colours, driers, oils, or other Tarnishes. 
The easily obtainable grades of fossil copals end of kauri and other natural 
resins, which are imported from yarious parts of the world, may be found 
listed in the weekly market reports of the pericdicaJs that serre the yamish 
industry. Complete descriptions of them will be found in the books listed in 
the bibliography. They range from very hard, clear, amber-like lumps to 
soft, opaque, or dirty materials. With the constant development and im¬ 
provement of the synthetic resins, these natimal retins hare suffered a steady 
decline in industrial importance. 

Rosin. Kosin is the resin obtained from gum. Thus, the exudation from 
crop-grown pdnes of the southern United States and from similar pines in 
various parts of the world. It is the residue left in the stills after the turpen¬ 
tine has been extracted from the crude exudation. (See pages 152 and 264.) 

Rosin is a clear, transperem, brittle material; it is rather sticky to the 
touch and it melts at about the boiling point of water. It dissolves in practi¬ 
cally all the volatile solvents and oils used in paint and varnish practice. 
Paints end varnishes which contain rotiu are weak, not durable, they will 
always turn dark and crack, and are so generally inferior that although rosin 
is used in large quantities for cheaper produces, it is considered an adulterant 
in some industrial paint and yamish finishes. It has no place whatever in 
paints and varnishes for artists’ purposes. Large quantities of it go into 
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minures $j,d compoxmda {or uses other than paint and Tamish coatings 
Rosin is sold in fifteen grades on the basis of colour and dirt content, as 
established by the Naval Stores Act-j X, W.W. (water white), and W.G, 
(window glass) are the peI9^ li^t straw-eoloured, and are followed by 

a series of amber and darker shades designated by Tarious lenew of the alpha¬ 
bet in reverse order. Colophony is an obsolete name for rosinj it is taken from 
the Greek snd means ‘sound glue’, u allusion to the u*e of rosin on violin 
bows. Rosin contains a veiy high percentage of a substance called abietic add. 

Rodn can be hardened bleached, neutralized, and otherwise refined for 
indued use by chemical and mechanical means} the pindpal grade of this 
type is called ester gum. Although improved for certain industrial usee, it 
suU retains most of the defects which make rosin unsuitable for use in per¬ 
manent materials. 

Asphalxs. The properties of some asphalts are noted on page S8S. Asphalts 
have been used on a large scale from prehistoric tunas to the present for their 
durability and their wawr-, add-, and alkali-resisting qualities in various 
protective ind other technical applications. They cannot be used in any 
artistic or decorative paints because of the complex surface defects which 
develop soon ifter the film sets. These defects are aipecUlly marked when 
asphalts are mixed with linseed cdJ or other paint mediums. 

Syruhaic Aenhs. The synthetic renoa rridely employed today to produce 
many of the varaisbaa for industrial use are Comdex organic products of 
considerably varied compedtio o . Each one of these numerous varietias has 
its valuable qualitiaa, which it imparts to the mixtures is which it is used. 
Expert technicel knowledge is required for the formuletion and manu¬ 
facture of these vaniishes. No ^thetic resin has so far been placed on 
the market that can be unqualifiedly adopted for use in artists’ varnishes 
for permanent painting. The main defects of these resins have been their 
comparatively rapid yellovriag, their eventual didntegration by cracking, 
crumbling, or becoming brittle, and their incompatiNlity with traditional 
materials. 

As in the case of pgments for aemi-permanent industrial uses, many 
synthetic resins bear dedgnations such as non-yellowing, long-lived, etc., but, 
as with these jngmeuts, such designations are often relative} permanence in 
an industrial varnish or lacquer does not mean the same thing as permanence 
in artistic peinting. At the present writing do variety has b^n found that is 
better than the apj^ved natural redns for use in making simple-solution or 
cold<ut varnishes which meet all the requirements for artists’ materials. The 
most successfully formulated indiutrial varnishes made from these products 
require many addiuonel materials, such as oils and plasticizers, end the poor 
ageing qualities of some of these added substancas often contributes to the 
failure of the vamish. 

When an improved, pennaneot synthetic resin can be edapted to artists’ 
use, it will be welcomed, because the best of our natural resins leave much to 


* There Is no Govenunent grading of Resin in Britain. The U.S.A. standards are 
accepted here. 
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be desired. The most promisiag; sjatheuc variedes at present are the alkyd, 
acrylic, and vinyl typee. So far, very little work has been publislied on the use 
of the synthetic redns in ardstic painting or sculpture, and at present this 
remains one of the interesting subjects for investigation. * Secrecy surrounds 
the composition of the few prepared artists’ materials made from synthetic 
resins now on the market. This condition will remain until these materials 
become more standardised. Synthetic jncture and retouch varnishes which 
are soluble in mineral spirit have recently come on the market^ these are 
probably of the acrylic type. The fact that the majority of the most permanent 
synthetic resins are soluble only in powerful solvents such as acetone has been 
one of the greatest deterrents to their application to traditional methods. 
When 5}’nthetic resins, either clear or in transparent and opaque colours, are 
used in their solid forms as material to mould or work into shapes, they are 
known as plastics. These materials have recently been considered for use by 
sculptors, and some experimental work has been done with them. 

Oleoresins or Balsams 

The thick, viscous liquids which exude from certain trees, mainly conifers, 
are called oleoresins or balsams. They are non>miscible with water, but are 
zEiisdble with the oils and solvents commonly used in paints and varnishes. 
While the best of them may be incorporated into liquids which will dry to 
form hard films when spread out thinly, they will not readily harden in their 
ori^^nal Slate, but vrill remain liquid indefinitely when kept in closed con> 
tamers. 

The nomenclature of these products, some of which aro called turpen¬ 
tines, is explained under Turpeniim on page 264. The designation ole^ 
resins may be slightly misleading^ the liquid ingredients of these materials 
are entirely volatile, like turpentine, and are not fixed oils such as linseed or 
the other drying oils. 

The various grades and types of crude and refined natural p«*duct5 have 
highly individual characteristics- Although the sources from which they are 
obtained may be closely related, and although from the viewpoint of general 
classification they may be very similar, varianu of natural products are 
usually limited to specific purposes. This is common knowledge in the case of 
such materials os tobacco, coffee, grains, animal products, and earth colours, 
where minute diHerences in chemical composition, in local climatic condi¬ 
tions, or in species vrill result in marked differences in grade. The natural 
resins, oils, and balsams are no exception to the rule, and the various exuda¬ 
tions of the pine family differ in their properties as much as do the more 
familiar products of forest, mine, and farm. 

Gum Thus. The exudation from the American turpentine pines of the 
southeastern states, which are principally the long-leaf yellow pine, Pinus 
patuOris. It is also obtained from the Cuban pine, Pinus carihaea, and the 

• See Ives, H, E., and Clarke, W. J., Teehnkai Vol- IV, 1955, pp. 
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lobloUy piDe, Pinus toeda. It is not used in artisuc painting, as it is much 
inf^ to the two productt next li$t^. It is the souree of turpenUne and 
roain^ its defects are similar to tliose of non. 

rcmce Turpa^. Exudation from the Austrian larch, Larix decidua. A 
heavy, thick, resinous liquid which has a charactcrisdc odour combining 
those of jnne wood and pine needle. It has a long history and has been 
used extensively by artists in glaze mediums, varnishes, adhesives, and 
plastics. 

Stroibt^g Turjmine {Otie d'Ahesxa). Exudation from the silver fir of the 
Tyrol, AUes ptednata. A product very similar to Venice turpentine. Seven- 
teenth-cemury compleK of redpes were unanimous in pnUrrina Strasbure 
turpentine. ® 

According to Barry," Sirasburg turpwdne was widely used daring the 
sixteenth century and was preferred to Venice uirpemine on account of its 
better colour and odour. Venice tuq)entine became of great commaidal im¬ 
portance about the middle of the eighteenth century. Neither of these pro¬ 
ducts has had much industrUl importance for some tune. They are valuable 
in painting mediums because they have the property of drying into desirable 
films when mixed with djying osla, etc., because they enter into suble 
emulsions with the accept^ coosdiuents of tempera mediums, because, 
compared with the customary oils and vanxisbes, they art acceptably per¬ 
manent, non-yallowing, and durable, and because they tend to impart more 
flexibility and life to the films than do most rerins. Whan Venice or Strsiburg 
turpentine is mixed with stand oU, the resulting varnish is superior for 
artists' mediums to the cooked oiJ-resin vamuh group; and when liquid driers 
are added, the resulting product is superuv to thM varnishes into which 
driers have been cooked. 

Burgundx Tutpeniine. Obtained fitun Pinm maridmui, the tree which ia 
the source of the French turpentine and rorin industry. A slightly purified 
and solidified grade known as Burgundy pitch Is sometimes obtainable; it ia 
called for in some antiquated recipes, principally in Bedidne; it has no value 
in painting mediums and few properties for tA<» hni ce l uses that cannot be 
duplicated by the two products just meotioDed. 

Jura Turpeniint. Exudation f ro m the red pine of the Vosges, Pic4a vul- 
garif. Apparently very amilar to the above. 

Canada Balsam. Obtained from the familiar balsam fir, Abies baUameay 
of the eastern United States and Canada. Widely available in clean grades, as 
it has some commercial importance as an adheave used in various industries. 
Because the tree from which Strasbuig tiupentine is gathered is said to be 
very similar to the American balsam, this domesUc material has often been 
suggested as a possible substitute for Venice and Strasburg turpenUnes, but 
little work on adapting it to such uses has been published. 

Copdha Balsam. An exudation from a South American tree. The product 
comes in a number of vaTictions bearing the oamea of localities, and some 
publications describe details of the many grades available on the European 
market. For practical purpoeca there is probably very little difference between 
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them. The reliable supply houses select this material mainly for the pro¬ 
perties V7hich make it valuable in the few limited uses mentioned here and 
under Conservauon, regardless of source or variety. Most of what is imported 
here is known either as Para (from Brazil) or Maracaibo (from Venezuela). In 
general, the Para contains more volatile and less solid ingredients. All vari¬ 
eties have the same characteristic odour. 

Copaiba halsam is a very slow-drying material and has poor properties as 
an ingredient in painting mediums or emulsions; it should never be used for 
such purposes. When it is diluted with at least an equal amount of turpentine 
to a free flowing consistency, it may be rubbed or brushed over dried oil films 
in very thin layers, where it has the property of bringing out the full tones 
of dry, sunken-in colour and is said to combine with or penetrate slightly 
into the surface of the film. When so applied it can be overpainted or var¬ 
nished with any of the accepted oil painting materials, vrithout any apparent 
harm to the piciiue. It is even popidarly supposed to be beneficial to the Ufe 
of the film, acting as a plasticizer or, in the case of old, brittle films, as a 
regenerator, but its value in these respects is probably overrated. It is em- 
fdoyed in several details of restoring technique, but is of doubtful value for 
general use by the painter. Most proprietary regeneration and restoring 
nostrums employ it as an important ingredient. 


Flat or Mat Varnishes 

A fiat- or mat-finish varnish is produced by adding a flatting material to 
a varnish of the type needed in any particular instance. The most successful 
flat varnishes are those produced for industrial us^-the cooked oil-resin, long 
oil type, such as spar varnish. Flat picture varnishes are much more diiRculi 
to make. Ail flat varnishes have an opaque, cloudy appearance in the con¬ 
tainer, and require thorough stirring before use. 

As noted on pages 99 and 190, a flat finish is one whose surface is micro¬ 
scopically rough and irregular as compared with the smooth, glassy nature of 
a gloss finish. 

The rough surface may be secured by the use of wax or wajt-like materials 
which, as noted elsewhere, retain their definite semi-crystalline structure 
when dissolved or suspended in oils and varnishes. Another and older method 
is to introduce a finely divided inert pdgment such as magnesium carbonate 
(light) which, besides being translucent and almost transparent in oils end 
varnishes, will tend to produce this rough or mat effect. This material is 
ordinarily used only to produce a non-transpwent but translucent coating, 
such as an imitation of ground glass for windows, etc., but it sometimes may be 
added in very small amounts to a wax-finish varnish to improve its flat 
quahly, tisually at the expense of some of its transparency. The antiquated 
method of applying milk or buttermilk to the surface of a painung simply 
coats and obscures it with a thin film of impure casein and butter fat, and it 
is not to be recommended. It is sometimes used for a temporary effect, since 
the film is easily removed with a damp cloth. On oil or resin surfaces of any 
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delicacy, however, such materials must be cautiously tested, for they arequite 
lihely to cause permaneut blemishes by faintly attacking the surface, particu¬ 
larly when they form drops or runs. 

Wax will make an oil varnish flat, and to a less satisfactory extent will 
redxice the gloes of a simple-soluUon resin varnish, but the dried films will be 
tender and susceptible to polishing, A typical reripe is four ounces of molten 
wax, preferably white beeswax, thinned with ten fluid ounces of damar var¬ 
nish (5 pound cut) and two fluid ounces of turpentine. Most waxy flatting 
agents must be used in approximately the same proportions, and for beet 
results the wao^ material should be used in amounts just suffi^ent to produce 
the desired eflect. It is usually necessary to alter formulas for this type of 
material by making trials, in order to obtain the best results in each 
case. 

Aluminium stearate, a bulky, waxy substance which is mentioned under 
Stabilisers, is a better material for this purpose, and it gives very satisfactory 
results when used in a long oil varnish. Wiih a simple solution of damar or 
mastic, however, or even with a short oU industrial varnish, the met effea is 
not always so well produced, and is easily destroyed by such light rubbing as 
ordinary cleaning or dusting with a cloth. Wax is employed in furniture 
polishes because its particles have the property of coalescing and forming a 
smooth, Lustrous, continuous surface when friction is applied j most of these 
mat vernishes tend to act like wax polishes when rubbed, 

A gelatinous material known as zinctungate produces the best flat varnish 
results when expertly combined with damar^ it consists of zinc oxide expertly 
cooked with tung oil. When it is combined with the correct amount of damar 
varruehand turpentine, non-polishing flat varnishes of satisfactory toughness, 
transparency, and permanence of finish are obtained. But althoxigh it has 
been accepted by many expert restorers and museums, and seems to be 
thoroughly sound in most respects, there is some susjudon that it eventually 
yellows and becomes rather difficult to remove. It is a very rapid drierj its 
colour in the bottle is quite yellow, and it has a waxy turbidi^. 

Until further improvements and complete ageing tests have been made, 
it would seem best to use all such materials sparingly and only when a flat 
finish b absolutely requisite, and to continue witlitlie time-tested clear damar 
and mastic as much as possible, eepecaally in the case of recent works of per¬ 
manent artistic value. Semi-mat or satin finishes may be obtained by mixing 
clear and flat damar varnishes in various proportions. A flat finish takes bener 
on a pale or 'blond* painting than on a dark or dee|vtoned one^ considerable 
black or near-black areas, such as those in many old portraits, are liable to be 
made grayish or streaky by the mat finish. Many paintings, particulerly dark 
ones and those with very rough or impasto surfaces, require a varnish with a 
bright gloss to bring out their full values. 

As mentioned previously, a dead mat quality is not a natural character- 
istic of the oil painting technique and any method used to obtain it entails 
a deliberate sacrifice of some good quality—durability, non-yellowing. 
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Inspection of Oils and Varnishes 

When oils or other trensperent liquids are examined to determine their 
colour in the liquid state, the volume of liquid which is being observed must 
be considered, and all comparisons are inaccurate unless the samples ore 
viewed side hy side against the light in hottles or tubes of exactly the same 
dimensions. 

An oil ox rarnish of heavy consistency will naturally be darker than the 
same kind of product with turpentine or other solvent added. An approximate 
method for comparing the viscosity of heavy oils and varnishes is to fill tNVO 
identical tall hottles to the same level (nearly full) with the materials to be 
compared. Cork tightly and invert suddenly at the same time. If the matezials 
are heavy enough for the bubbles to travel slowly, any difference in con- 
^ency will be apparent from the relative speed with which the bubbles rise, 
Experienced persons can judge approximate consistency andbody * by dipping 
a palette knife into the liquid and allowing it to flow off the blade at an angle 
of about 45 degrees. For more accurate measurement of density, the hydro- 
meter (page 425) is simple and easy to use. These are »mple tests for the 
guidance of users of oUs and varziishes; data of absolute accxiracy in these and 
other tests can be obtained only by skilled technicians. The artist may easily 
test the comparative yellowing of oils and varnish films by methods noted in 
the section on the testing of pigments. An accelerated yellowing test may 
also be made by coating a peoe of white canvas with the clear oil or varnish 
and allowing it to remain in a dark box or cupboard face down over an open 
container of water. If the box can be kept warm, the test will be more severe. 
Materials which contain drying oils will yellow rapidly when allowed to dry 
is a humid atntosphere without daylight. 

Poppy oil colours can usually be distinguished from those made with linseed 
oil by their lack of odour, though old samples may become somewhat rancid. 

AdiiUerams in f'armsfi^s. Rosin, which is probably the cheapest substance 
used as a paint material, is the mos t common adulterant in all tvpes of varnish. 

Simple-solution varnishes intended for general mdustrial use are often 
‘improved’ by the addition of linseed, tung, or castor oils, copal varnish, etc-, 
to give special qualities. For artists* use, such products must be considered 
adulterated, and only vamishee made by reputable artists’ material specialists 
or at home from pure reuns, should be used. 

Driers 

In order to accelerate the drying of mixed house paints, varnishes, and 
other compounds of drying or semi-drying oils, reactive materials are added 

* The term body when apdied to oils, Tamishes, and other mediums for pamt 
purposes, means a little more than just the consistency or thickness; goi^ body im¬ 
plies a certain optimum direct rehtiou between the degree of viscosity anS the 
spediic gravity, as in the case of raw linseed oiJ or a conventional standard varnish. A 
medium which has a thick-flowing consistency unaccompanied by the proportional 
heavy weight to which users have become accostomed-^io ocher words, one which 
has high viscosity and relatively low spedSe gravity—is said copossess/afse body. 
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which have the ^wer of starung, acceleraUng, or forcing the absorption of 
ox 7 g;en by the paint filni, or of overcoming conditions which inhibit drying. 

Driers or aiccaUves are metaUic salts combined with materials such as oils 
or resins which mix with the usual paint and varnish ingredients. They are 
diluted with aolvents for conTenierioe in using. Their chemical and physical 
reacuons are not fully established (see page 314), 

As a general rule, driers detract from the life of paint and varaish films 
and are to be considered undesirable additions to oil paints and varnishes for 
permanent painting, eepedally when used indiscrimmately. However, when 
sparingly applied with judgment by experienced painters, a good drier can 
be used with safety, and in some instances, as in glaze manipulations, may be 
easencial. Driers have been in use as long as drying cUs. 

Some jngments act as driers; the rapid driers are listed on page 119 in the 
order of the accelerating effect they exert on drying oils. Whenever a drier is 
desired, these pigments will act in that capacity with no bad results, pro- 
Tided tliey fit into the desired colour effect. 

The most common driers available to artists in the recent past have been 
siccatif de Haarlem and siccatif da Courtrai. These materials contain lead and 
manganese resinates coohed in oil. Practically every one of their ingredienu 
has the property of turning dark eventually. Furthermore, they are pro¬ 
gressive driers; tliat is, a pronounced action continues long afrer the film has 
dried to the touch. This leads to brittlenass and cracking. 

Inasmuch as the oils and resins take up a very small percentage of metallic 
salts, driers are composed largely of inert materials. Only a comparatively 
minute amount of acdve drying ingredient is required to give a strong 
siccative effect. 

Cobalt linoleate, which is made by cooking cobalt salts in linseed oil, is 
the best (or rather least harmful) drier for permanent painting. It is lees pro¬ 
gressive than other driere—'that is, it seems to act mainly while it is still in a 
liquid state—and less likely to cause excessive darkening with age. 

The earliest use of cobalt driers I have been able to trace was in France in 
1652, when products identical with materials in use today were described 
so far as I know, the earUest American reference** to the same materials was 
in 1874, but they were not widely used in America until the early days of the 
twentieth century, probably because they were not beUeved suffiriently 
superior to the manganese driers to warrant their higher cost. They were 
thoroughly approved and adopted throughout the paint industry long before 
they became artists’ materials; in fact, the traditional siccatif de Haarlem and 
siccatif de Courtrai survive to this day, although most authorities condemn 
them, 

Driers must not be used in thick, pssty painung nor in underpainting. 
Ostwald** savs that a thick psintiog done with lavish use of drier? is 'an old 
man on the surface while tt is still a youth within', the drying action being 
more rapid on the surface where the painting is in contact with air. 

Driers are of value mainly in glazes and thinly painted |nctures where 
• Description des Brevets d'Irwenlicn, vol. 24 (2* lerie), p. 319. 

157 


OIL PAINTING 


the entire mass of paint cen dzy thorou^hljiaaskorttime. Such pictures may 
receiTe a thin final coat of protectiTe ramish, applied soon after the painting 
is, in the opinion of the painter, thoroughly dry, instead of several months 
later, as is customary when no driers are used. 

The most important rule to observe in adding siccatives to glazes or 
painting mediums is to test the drying acuou of the mixture before it. 
M« one of the pigments of average drying propsrUss (page 119) with some 
of the medium to which the drier has been added, noting for future guidance 
the number of drops of drier to an ounce of medium. Paint it out under 
exactly the same conditions which will attend Its later use, and allow it to dry 
overnight or for a longer time if desired. After this, regulate the amount of 
drier so that just enough is used to produce the required slccadve efiect, the 
object of the test being to keep the amount at a minicnum, The figure will be 
an approximate guide for fut\u*e uss^ it vaiies according to the humidity and 
temperature in different seasons of the year and is different with materials 
from different sources. 

The addition of drier to prepared, ready-made liquid painting mediums 
often leads to decking and other failures, because these mediums usually 
contain driers, copal varnish (which is alwaj^ made with drier), and other 
materials which are not compatible with the siccatives added by the artist. 

Driers were used by the aodents. Litharge made by roasting lead ore was 
described by Dioscoridea, Pliny, and Galen; white lead was deecribed by 
Galen and others. During the fifteenth century, white vitriol (zinc sulphate) 
was employed, but because zinc is not a drier it is generally believed that its 
diying action was due to manganese which probably occurred in it as an im* 
purity. In Spain and Italy, during the sixteenth and seventeenth centuries, 
verdigris was In common use as a drier for oil, and the Spanish masters con- 
ddered it the best of all driers. All the thin glazes of the early masters of oil 
painting seem to contain metallic driers. 

As the records and instrucdons for the use of drying oils increase in medi¬ 
eval times, we find many new substances listed, so that by the time oU 
painting was adopted a number of driers were available for use. These driers 
were dissolved in the <hl medium during the cooking process, as in the case of 
most factory-made oil mediums today. However, according to various in¬ 
vestigations which have been made, if driers must be used, the advantages of 
adding them in liquid form to the finished paint or varnish are numerous: one 
may control the amount more accurately and hold it to the minimum re¬ 
quired for the purpose, thereby prolongiDg the life of the film; the instability 
of some mixtures or oils and driers on storage is obviated by adding the drier 
as required. It is also my own oj^on from observation and experience that 
films so produced seem to be less likely to crack or turn yellow than those 
whose oil contains drier cooked into it. 

Poppy oil is best excluded from the list of glaring materials and from 
mixtures which contain driers because of its tendency to crack when mixed 
with reactive substances and because its range of safe usee Is limited, extend¬ 
ing little beyond tbe simplest manipuiarions of ordinary direct oil painting. 
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A vei 7 graaU percenter of active metallic ingredieal is present in the 
most concentrated prepared liquid driers. For example, the powerful con- 
cenwated cobalt Unoleate contains 5 to 6%, depending on its formj atty usable 
liquid would contain at the mostj the commercial product put up for 
amsts’ use probably contains connderably less. The rest of the contents in the 
»$e of p^e Mbalt Unoleate is linseed oU and thinners; in other commercial 
Uquid driers it is likely to be almost any compound of oils, resin, or synthetic 
materials. Prepared driers are useless to manufacturers of industrial paints 
unless their exact metaJUc content is given- The material referred to as cobalt 
linoleate drier in this book is made by mixing 2 i fluid ounces of turpenrine or 
mineral spirit with 8 fluid ounces of the syrupy 6% pure cobalt Unoleate. 

As noted on page 119, many of the artists' oil colours on the market con¬ 
tain driers, and some of them may contain materials which retard the normal 
drying ^on of certain pigments. If the user of home-made colours finds that 
a drier is necessary to bring the drying rale of a certain colour closer to the 
average rate of the reel of his palette, it should be added in the same cautious 
manner recommended above in the case of glaze mediums. The aim should 
be to improve the pigment’s drying rate to an acceptable degree, not necess¬ 
arily to make it equal to that of the ra^dly drying pigments. 


Glazes and Glazing 

Glares are miaures of mediums and transparent pigments which are 
applied over dried oil or tempera underpaiacings. The colour of the under¬ 
coat blends with that of the transparent glaze; because it is not mixed with it 
as in direct oil or body<olour painting, the nature of the resulting colour or 
optical effect differs from that of body-colour and may be more or less identi¬ 
fied with the second system of colour blending mentioned on page 55. A 
rough illustrarion is the effea obtained by superimposing a sheet of coloured 
celluloid over another colour. 

Minute amounts of opaque or semi-opaque jagments are often added to 
transparent glazes, the slight thickness of the film allovring the colour of the 
underpainting to be effective. They are also added in order to tons down 
overbriliiance or to rectify lack of solidity. 

Reg uiremenisfor a Cloze Medium. 1. It mustbrush out well and allow the 
desired manipuiations to be carried out easily. For this requirement it should 
be neither too oily nor too tacky, but balanced according to the preferences of 
the user. 

2. It mxist be composed of time-tested, permanent materials. 

5. It should dry within a convenient Length of time. Overnight is 
generally conridered detirable. 

4. It should not exert a solvent action upon or jack up the uuderpainting. 

5. It should resist the solvent action of subsequent coals of glaze or 
varnish. 

6. It should not run down or flow when applied in a reasonably skilled 
manner to a painting in a vertical position, as on an easel. However, the 
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more predse glaring maaipulations are usually carried out with the picture 
in a horizontal position. 

From the foregoing, it will be seen that no angle oil or yarnUh meets the 
spedficaiions and that carefully balanced mixtures must be used. 

Many prepared painting mediums are sold, but few are to be recom¬ 
mended TO careful artisU, as the composition of such products is seldom made 
public. When these mediums require additions to adjust their properties, it is 
fmpossible to fciesee the result as regards permanence^ some of them are 
made according to antiquated formulas which contain miscellaneous unstable 
ingrediencs such as lead and manganese driers, copal or rosin varnishes, raw 
or oxidized oU, and synthetic resins- 

Scumbling^s a somewhat vague term usually applied to the rather whole¬ 
sale daubing of an entire painting or considerable areas of it with a thin 
coating of colour in any medium, while the term glaring always implies 
carefully controlled pladng of a thin transparent layer of more definite 
composition. Scumbling is done over a coat of paint which has become dry to 
the touch or over an isolating varnish, with either glaze medium or straight 
oil colour, opaque or transparent. The paint may be apphed with a brush and 
the surplus wiped off with a rag, leaving a u niform coating of the desired tone, 
or it may be stippled or rubbed on with a brush, dauber, rag, or with the 
fingers. 

Manipulauons. Glaring may be done by applying thin, transparent paint 
with the brush, by stippling the colour on with the tip of a more or less blunt 
brush, by using a blender or badger hair brtish, or by use of a pad, tampon, or 
daubCT. Choice of method of application depends entirely upon the artists’ 
painting technique and the type of effect he desires- For very clean, un¬ 
broken, mechanically perfect results, a different handling is naturally 
required than for more casual effects- Most of the remarks in this section are 
made with the more smooth, perfectly blended type of jacture in viewi thedr 
application to freer or mere casual use is a simple matter, and the average 
painter who employs glaze methods in & looser technique may extract from 
the complete meth<^ such points os are useful in his vrerk. 

Large areas in which tones are imperceptibly gradioated from light to 
dark or from one hue to another, such as skies, plain backgrounds, etc., are 
best glazed by carefully mixing each colour before beginning. If the glaze 
medium contains driers, one must work with dispatch; otherwise the 
material will begin to set before it is used. In most instances there is ample 
time to apply it if there Is no unnecessary delay. 

Cara must be taken to make the colour mixtures smooth, homogeneous, 
and &ee from particles of paint skin, lint, or other impurities. Saucers are 
convenient to use; the material may also be poured into screw-cap jars if 
desired. Usually a be^ner will find that about twice the expected number of 
separate tonee or shades are required to obtain a smooth gradation of colours. 
The consistency may vary from that of a heavy flowing syrup to that of a thin 
varnish body, according to {references and requirements. Blendings between 
two colours mitst ordinarily be made before the first one has set, the two wet 
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glaies bein^ worked mto each other. Sometinies for pictorial reasons th© 
lighter shade is best worked iuto the darker, or rice vewa, but if one (usually 
the darker) contains more liquid and less pignient than the other it is likely 
to hare more picking-up tendency because of its grater so Went actionj there¬ 
fore, unless other conaderations are more important, the darker colour is 
best applied first in blendings. 

It will be found impossible to create clean edges around an unglazed area 
if the glaze is allowed to run over the edge and then is wiped off with tur¬ 
pentine, for the solvent ¥hll run back into the ^aze and destroy the edge. If 
the nature of the work is such that the glaze cannot be wiped off sufficiently 
clean with dry cotton or cloth, edges are best glazed by the predsa use of fine 
brushes. 

If daubers or tampons are used, they may be made entirely of cheese- 
clotli, care being taken to fold it so that a flat, unwrinkled surface is pro- 
ducedi or cheesecloth may be filled with absorbent cotton. Well-washed or old 
cotton ahaedng, sUk, fine or coarse doth, knitted or stocking material, Uathar 
—any one of a number of materials may be used, each producing a different 
effect. The dauber ahould be lightly loaded with paint, which should be ap¬ 
plied by tapping or pouncing only, not by smearing. A separate brush or 
tampon must be ready for each colour, and the brushes must be perfectly dry^ 
they cannot be used long before they become too full of peint for further use, 
I find that a convenient way of qui^y cleaning and drying e brush for this 
use is to rinse it in turpentine, wipe it <ff, then remove the slow-dtying tur¬ 
pentine by rinring the brush in e cup of ethyl acetete, acetone, or ocher 
rapidly aveporacing solvent If the brush is again wiped off and its handle 
twirled between the pelms or flicked on e cloth, it will diy at once. This 
procedure is useful in other methods of painting as well as in stippling 
giezes. Small areas, naturally, must he glazed only with bnishes} stipp¬ 
ling and blending with various types of brushes will give various surface 
effects. 

The general rules are to keep the glazes thin, to apply darker tones over 
lighter, and to apply several thin coats rather than one bMvy one. 

One danger in overreliance upon smooth glaring is that glaze effects in 
the general nm of artistjc paintiDg are likely to lead to undesirable half¬ 
tones, lack of forcefulness, or mechanical textures, eeperially if they are over¬ 
done. These, however, are not strictly twf-htiifAl prints, but rather matters 
for the individual painter*s consideration. Glaring should be intelligencly 
used as a tool or instrumetzti when so employed, no sound objection can be 
made to it on technical or optical grounds. Although the separation of layers 
of different colour coats will produce a certain luminosity of tone, especially 
when pointed over a white ground, the finished painting in which glazes have 
been used will absorb a great amoxmt of light, and it is best exhibited in a very 
well-lighted position. 

Formuiation oj Oltue Mediums. Because the film of glaze is so thin, a 
little more latitude in the selection of its raw materials is allowed than in the 
case of body<olour paints, and well^elected driers and varnishes may be 
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mixed with oil. Tbe«e matenals themeeWes, however, inu$t be of the veiy 
highest quality and not liable to turn yellow with ag;e. 

In the formulation of a gladng liquid to be applied either to recently 
dried or rather well-dried layers of oil or tempera paint, consideration must 
be given to the rule of gradation of coats, as explained in the section on 
Painting in Oil. The glaze film should not be coarser in physical structure or 
less flexible than the underlying layers, and the properties of the materials 
which compose it should not be too forrign to those contained in the under¬ 
coat. In a glaze, the proportion of fixed oils to pigment is ordinarily greater 
than in the case of a body colour. Good working qualities and the exclusion of 
materials which may yellow or promote yellowing are also considerations, 
and careful attention to the balance of solubUity is most important. 

A useful glaze medium for general all-round purposes contains one fluid 
ounce each of stand oil and rather hearier-than-average damar varnish. If 
damar of the regular consistency is used, about 1 ^ oimces should be mixed 
with one ounce of stand oil, but the proportion may be varied freely to suit 
the preferences and requirements of the user. Less varnish will make the 
medium more oily^ more varnish will msike it tackier. From five to seven 
Ounces of turpentine ere then added according to the requirements of the 
user, tix being about the average. In order to make rhU medium dry con¬ 
veniently, about I teaspoon of cobalt linoleate drier is stirred in. Zn order to 
employ s minimum of drier it is best not to adhere to any set quantity, but to 
test the amount required each time by the method described on page 158. 
Whenever the medium is used pour the liquid off without disturbing any 
sediment which may have formed. Mediums containing liquid driers should 
not be expected to keep for more than a few months without some disintegra¬ 
tion. This medium is designed to be used with tube oil colours, either as they 
come from the tube or after they have been spread out on bond paper for a 
wliile to remove some of the surplus oil It works well in the glazing of oil 
paintings, and also in glazing gum tempera of the type for which a formula is 
given in the section on tempera painting, because it contains the same in¬ 
gredients. An example of a variation of this medium is a retouch varnish - 
which may be made of the same ingredients by mixing them in the following 
proportions and order. 

By volume: 

5 ounces damar varnish (5 lb. cut) 

1 ounce stand oil 

I ounce toluol 

} ounce anhydrous alcohol. Stir or shake until clear and add 

15 ounces turpentine 

The use of retouch varnish is mentioned on page 152. Although this 
varnish is acceptably non-yellowing, the well-known Vrbert varnish is equal 
if not superior to it in non-yellomng properties, by accelerated test- The 
current Vibert brand contains 75% of volatile solvent (a highly refined 
petroleum spdrii), and 35% of a dear resin which by test shows no trace of 
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dam„ or r«ins. It i. prebably . synthetic resin. Seme of the present- 
day reto.^ mediums are ample solutions of synthetic re^ and pliticiters 
m specif or h^hly refined solvents. Such mediums can be thinned with 
turjwntine or its petroleum substitute and used successfully in very thin 
coa^ as retouch varnishes, but so far they have not been succe^stuUy 
applied in any other paint or varnish techniques. 

Accwdir^ to ^urch,»° Bell’s medium contaim blown Unseed oil thinned 
with spike oil, and Roberson’s medium may be duplicated with a mi«ure of 
copal varnish, poppy oil, and white wax. 

Another glase or painting medium in use by a number of American 
painters consists of a mixture of 


9 pans damar varnish (5 lb. cat) 
9 parts turpentine 
4 parts stand oil 
2 parts .Venice turpentine 


material is preferred to the first redpe for use on egWoil tempera. It 
i^y he utilized for the dilution of tube oil colours or for the grinding of dry 
pigments, For use io the so-called mixed technique, careful paintere add a 
drop or two more of stand oil when mbdng colours for overpainting in 
order to insure the greater flexibility of the layer as compared >«rilh the one 
which lies beneath, 

Sun-thickened oil has long been a favourite ingredient in glaze mediums 
because it has a rapid drying rate. One recipe is 


4 parts damar varnish (5 lb. cut) 
2 parts sun-thickened linseed oil 
1 part Venice turpentine 
4 parts tiu*pentine 


An advantage of this medium over the damar-stand oil mixinre is the 
absence of drier^ sun-thickened oil dries with great rajudity, but in some 
climates and with some pcgments a few drops of drier may be found necessary. 
Comparative tests over a number of years, however, show that the damar- 
siand oil medium is at least its equal in non-yellowing, and that it may be 
applied to a greater number of usee without failure. The combination of sun- 
thickened linseed oil and Venice turpentine is best suited for use in gating 
egg/oil emulsions, and in general gives good resulu when dry coloure are 
ground directly in it. Additional turpentine should be added according to the 
judgment of the user to compensate for the evaporation during such grinding, 
and when the resulting paint is used in successive coatings each upper layer 
may be made more flexible by the addition of a drop or so of sun-thickened oil. 

The above two mixtures are not recommended for glaring gum tempera 
or straight casein paints^ thmr adhesion, range of expansion and contraction, 
etc., are not so suitable for these uses as the corresponding qualities of the 
damar-stand oil mixture? on the other hand, that mixture is perhaps less 
suitable for use in the egg/oil tempera techniques. 
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Straight egg; tempera maj be, ajid often wa .5 in the earlier da^s, glazed 
^■ith dry coloxirs ground in diluted egg-yolk. This procedure is followed by 
aome tempera painters today and ita results are quite luminous and high in 
key. Some practice and experiment is necessary to control this procedure ^ 
the usual technical danger, as yvixh all pure egg-yolh techniques, is that the 
inexperienced pointer will not dilute his paint with enough water. An ob¬ 
jection on optical grounds to such entirely pure egg-yolk techniques is that 
the results are likely to be thin, unsubstantial, or water-colourish. This, 
howerer, is more often the fault of handling or manipulation than of any 
inherent defect in the process. Some painters deeira this quality and do not 
consider It to be a fault. 

Tlie mixture of linseed oils of rarious degreee of refinement is a procedure 
of considerable antiquity 5 it was adopted by craftsmen of the past who, 
although they would have been at a loss to explain the reason, were very well 
aware of the fact that such mixtures had properties entirely different from 
those of a tingle oil refined to approximately the same viscosity, colour, and 
body (see page 512). A small amount of a linseed oil of ordinary consistency 
added to stand oil will impart a certain hardness, body, or solidity approaching 
that produced by a retin; some of the old effects which may be approximated 
by the use of Venice turpentine and oxidized oil may also bo duplicated by 
the above mixture, particularly as regards manipulations and brush stroking. 
Oxidized oils will impart a still harder or more brittle nature to stand oil. The 
prepared painting mediums on the market, particularly the older brands 
which originated in times when practical industrial varnish makers were 
constantly formulating and produdng such mixtures, probably contain more 
than one type of linseed oil. It would of couree be impostible for a chemist to 
duplicate such formulas by purely analytical means. 

Ona of the principal differences between a glaze medium and a picture 
varnish is that the latter must be e^ily removable by a simple solvent which 
does not set on the painting, whereas the glaze film must be capable of 
resisting the action of cleansing and ^deture varnish solvents. 

Should it become necessary or desirable to remove glazee and overpaint- 
ings without disturbing the underpainting, this can usually be accomplished 
by various means, depending upon the nature and age of the paint. Films of 
any appreciable thickness are best removed by gentle scraping with sharp 
blades as described on page 548; If an isolating varnish has been used, tbe 
procedure is easier. Oil glazes and overpaintings on tempera pictures are 
rather easily removed by this method; they can also be taken off with acetone 
or certain other solvents if these are applied by careful picture-restoring 
methods. Very slight or delicate oil glazes of recent application can often be 
removed or taken down with Artgum or other mild abrasive. 
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Tempera Painting 

I n the modern usa^ of the term, tempera painUng is paintiDg that em¬ 
ploy a medium which may be freely diluted with water but which upon 
drying becomes sufficiently insoluble to allow oTerpainting with more 
tempera or with “oil and varnkh mediums. Kemarks on the derivation 
of the word tempera will be found under temper on page 435, Tempera 
pain rings are best executed on rigid panels coated with absorbent gesso, but 
sometimes the lees desirable canvas is used as a support. 

Tempera paintings are characteriied by a brilliant, luminous crispness 
which is never exactly duplicated by the use of oil or other mediums. Al¬ 
though its materials are applied in many distinct variations of technique, 
tempera paintings may usually be identified as such without much doubt. 
When left unglazed they have a plearing flat or faintly gloss finish. When 
carefully glazed and worked up, they are capable of presenting a highly 
developed appearance. 

In tempera the fourth or optical funcrion of the medium Csee page 105) 
scarcely exists, and when the paint is dry the colours resemble their original 
dry state more than do the deep-toned oil colours. Depth of tone, if desired, 
must be brought out by a final application of varnish or transparent glazes. 

This separation of the optical properties from the mechanical properties 
of the medium is not to be considered a complete disadvantage, because it 
contributes largely to the tempera effect and allows a controllable, systematic 
method of working which appeals to many painters. 

The dried paint film does not become yellow or darken with age as faulty 
oil paintings may do, because the medium itself is noa-yellowing compared 
with oil, and there is considerably less excess of binder in the fiiushed 
painting. The bulk of the liquid (water) evaporates completely from the 
film. 

Many of the conditions which cause cracking and other failures in <ni 
painting are not present in tempera. Correctly painted tempera petures are 
lees likely to crack with age than are oil paintings^ if there has been any fault 
in the preparation or execution of the pAinting or ground which might result 
in cracking or other failure, such failure will almost certainly show up soon 
after the picture is dry. This is a general statement to which there are 
occasional exceptions, but it is fairly safe to assume that if a tempera peture 
has not exhibited traces of cracking by the rime it has become thoroughly 
dry, it will not crack at a later date. 

However, tempera mediums are not fool-proof j if improperly formulated 
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or applied, they may be subject to as many defects as oil mediums. As a 
general rule, the tempera techniques are not well suited to casual attempu 
at painting and for the most part require serious consideration and a famili¬ 
arity gained through intelligent understanding of their prindples. Tempera 
paintings of extreme age (sereral hundred years old), especiaUj those on 
canras, are Tery often covered with a characteristic allover crackle of small 
size, which ordinarily has no effect on the adhesion of the paint and is seldom 
risible except on close examination. When oil or varnish glazes are applied 
over tempera, they are subject to the same rules that govern glazes on oil 
paintings, and, as inihe latter medium, if they are improperly selected or 
applied they vrill exhibit defects such as cracking or darkening vrith agej 
however, the tempera foundation is perhaps more sxiitable than oil for re¬ 
ceiving such thin films, and the entire paint structure is less subject to 
decay. 

When compared with oil painting tempera has certain limitations and 
disadvantages as well as the advantages just listed. It is more limited in its 
range of effects, and the inflexibility of its film makes it less suitable for 
painting on canvas, although aged tempera films are not greatly inferior in 
flexibility to very old oil Hinas. The chief manipularive advantages of oil over 
tempera are its greater fluidity, the ease with which its colours may be 
gradated or blended, its conveniently slow rate of drying, and the absence of 
colour change caused by evaporation of the medium on drying. Oil is a more 
convenient, fleadblo, and available technique. 

Tempera Mediums 

Tempera mediums owe their disrinctive characteristics to the fact that 
they are emulsions. An emulsion is a stable mixture of an aqueous liquid 
with an c^y, fatty, waxy, or resinous substance. Milk is an example of an 
emulsion, the butte>fat which is suspended in minute drops being the water- 
insoluble ingredient. Tempera emulsions dry lo form transparent filmsj their 
milky appearance when wet is caused by the refraction and dispersion of 
light from the countless tiny globules of in the manner described under 
Colour. 

The principal early type of tempera emulsion was a natural one—pure 
egg-yolk. The yolks of hen’s eggs contain a water solution of a gummy sub¬ 
stance, albumen, a non-drying oil called egg-oil, and lecithin, a lipoid or fat¬ 
like substance which is one of nature’s most efficient emulsifiers or stabilizers. 
Albumen itself is a good emulsifier- The suhjea of emulsions is dealt vrith 
further in both pans of the section on Cksmistry. 

Egg-yolk is an example of a paint medium whidi contains a non-drying 
or semi-drying substance mixed with a quick-drying substance, the whole 
mixture drying successfully. There are also other instances where varying 
amounts of non-drying or semi-diying subsUnces may be added to a paint or 
ramish whose diying propertaas are strong enough to carry it along, in order 
to impart favourable properties to the product. 
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Albumen belong* to a class of proteins whicb have the property of being 
coagulated by heal, as demonsiraiad by a cooked egg. The same effect is 
obtained when it is diluted, spread out in a thin layer, and exposed to day¬ 
light. The pure egg-yollclUm becomes adequately insoluble, lougb, leathery, 
and pennanonl, and as a film it serves as a standard by which to judge the 
artifi<^l tempera emulsions. Artifidal or compounded tempera emulsions are 
employed more for their improved executive or wording properties than for 
any superiority in the quality of their films. 

Tempera paintings are called insoluble here and in other descriptions, 
but this does not mean that they are absolutely water-proof or scrubbable^ 
they may often be softened or disturbed enough by the deliberate or acd- 
deotal applicauon of water to ruin their effects. Well-dried tempera paintings 
may usually be cleaned with a little acetone or anhydrous alcohol if these 
are applied very cautiously as in the regular restoring technique. Tempera 
and gesso can be completely and quickly removeid from panels by rubbing 
with soap or ammonia solutions. 

They are insoluble to the extent that they are not picked up by over- 
painting, and when completely dry they are adequately water-reristant under 
all normal conditions. Neither tempera nor gesso is intended to withstand 
such treatment as harsh scrubbing with a bristle brush or careless application 
of water. Only a very slight disturbance of the colour effect is enough to ruin 
an arusiic painting even though the paint film may be virtually unaffected 
from a mechanical viewpoint. 

'SMien thoroughly dry, most tempera paints will assume a satiny semi¬ 
gloss if polished with a soft cloth or wad of absorbent cotton. This is done by 
some painters before applying oil or varnisb glazes, espeoally in the case of 
gum tempera, on the theory that such surfaces will be more resistant or more 
uniformly absorbent to the superimposed mediums. 

The choice of pigments which shall imderlie each other is not important 
in tempera painting as it is in oil where their variations in oil absorption and 
reactivity are factors, but the rule of gradation of layers still holds^that is, 
no coat should be less flexible than its underlying coat. A similar general rule 
to be followed in the case of aqueous mediums, is that no coat should have 
appreciably stronger binding or adhesive power than the layer under it. 
Should thifl be the condition, the contraction of the stronger layer is liable to 
cause it to crack away and to pull off the weaker layer. When this occurs, 
it usually takes place at the time of drying or shortly thereafter at the 
first appreciable climatic change, as mentioned under the application of 
gesso. 

The term oil/ mgredienJ as used in the discussion of tempera emulsions 
refers to any of the non-aqueous ingredients whether or not any oil is present, 
and includes waxes, reuns, varnishes, and oils. The varnishes or solutions of 
oily materials may contain turpentine or its pewoleum substitute but not 
ala>hol, which may be incompatible with the aqueoxis ingredients used in 
tempera emulsions. 


167 



TEMPERA PAINTING 


Painting with Ego-Yolk 

A number of instrucdons for the use of egg tempera hare come dovm to 
us from all periods of European art. The traditional pure ©gg-yolk technique 
proceeds in the following way. 

The yolk is first separai^ from the white. Some painters are extremely 
careful to keep it free &om any traces of white; others are less particular; but 
a pure yolk, free from white, is the standard material. Tlie white is practi¬ 
cally pure albumen and water, and there is enough albumen in the yolk alone 
for a well-balanced tempera emulsion. An excess would not injure the dried 
tempera him so much as it would increase the speed of drying and cause 
difficulties in manipulations or brushing. After the yolk has been separated 
the white by the usual method of pouring it back and forth in the half 



shells, or better, by the xise of an aluminium egg-separator, it is held in the 
flat (not Clipped) palm of the right band, jacked up by the thumb and fore¬ 
finger of the left gently, so as not to break the skin, and suspended over a jar 
or cup. The skin is then punctured at the bottom by stabbing it ivith a knife 
or other sharp point, and, if de^d, after most of the yolk has flowed out the 
little that remains can be squeezed from the skin on the slab with a finger. 
If, before it is punaured, the yolk is rolled from one hand to the other, the 
hands being alternately wiped on a towel or apron, until the skin of the yolk is 
dry, a further removal of tracee of the white is effected. Sometimes painters 
merely break the eggs into a coarse strainer, and after the white has drained 
off, puncture the yolks and allow them to run into a container. If thi«s 15 done 
it is well to strain the yolk again through muslin, but the result will not be so 
pure a yolk as that separated with greater care. 

The pigments are well groxmd in distilled water with the muller, wtyH 
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placed in small screw-cap jars where they will keep indefinitely. Just prior to 
use, an equal volume of this colour paste (about the consistency of tube oil 
colours) and egg-yolk are mixed. Some painters add a little water to the egg 
—4 to i of the volume. A set of kitchen measuring spoons is handy to use in 
measuring proportional amounts of both dry and liquid substances. 

There is no technical objection to grinding the colours directly into the 
egg or into a mixture of egg and water, which some painters prefer to do, 
especially with pigments that do not grind easily in water alone; but keepng 
them in the form of a water paste adding the egg just prior to use ordi¬ 
narily saves much labour because the colour and water paste keeps indefi¬ 
nitely. While the painting is being done the main supply of the egg-tempera 
paint may be kept in little covered jars or cups instead of on the open palette 
where it will harden more quickly. If these containers have no screw cap* 
they may be covered with a damp doth during painting operations. A jnece 
of moistened filter- or blotting-paper inserted in the cap of a jar will pr<^uce 
a humidor effect and retard setting or skinning of the surface, but in warm 
weather will tend to encourage decomposition or mould. 

Pure egg tempera is best applied to the absorbent gesso panel without 
previous coating; if it is desired to have the panel somewhat less absorbent, a 
very dilute gelatin site may be employed. Some painters, especially those who 
put down a very accurate and careful drawing on the gesso before pelnting, 
use the tize as a fixative for their drawing. It is better not to colour the first 
size and use it as a veil, because of its penetration into the pure white gesso; 
but a coloured veil or size may be applied as a second coat. Other materials 
suitable for a first sizing of the gesso are very much thinned down shellac 
varnish, egg-water made by znixing a teaspoonful of egg yolk in a full glass 
(6 ounces or more) of water, and a much diluted casein size. The unsized gesso 
surface is, however, most desirable in the average case. Its absorption of the 
tempera medium is not usually sufildent to destroy its whiteness, but it is not 
considered advisable to use very heavy impasto strokes at first, before thinner 
coats of paint have reduced absorptive action. The theory is that too much 
absorption of binder by a ground will leave the pigment of a thick layer 
insuffidently bound. The gesso surface can be made less soluble by spraying 
it vrith a 4% solution of formaldehyde if desired, but this is seldom necessary. 
Pure egg-yolk is primarily suited for smooth painting; it is not so well adapted 
to heavy impasto as is gum or egg/oil tempera. 

It is better not to use preservatives in egg, and most painters prefer not to 
use them. The egg alone or in mixture with colours will keep in a dark, cool 
place for three or four days; if it becomes necessary to keep it longer, a 10% 
phenol solution (carbolic add) may be added in minute amounts, or 1% or 
less of a 5% solution of acetic add, vinegar being the traditional egg pre¬ 
servative. Most vinegars contain from 5 to 5% of acetic add. Add solutions 
will attack chalk or whiting grounds, ultramarine blue, and the cadmiums. 
It is doubtful whether many present-day painters use add or other pre¬ 
servatives in egg. The decomposition of tempera paints and similar materials 

he delayed by refrigeration, but freeting will destrov thair properties. 
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Cennkd’ refers more ihaa once to the use of fig-tree sap, either added 
directly to the whole egg to make a vrall sue, or mtroduced by beating the 
egg with cuttings of the young shoots to produce a medium for secco pai^ng. 
Erery possible explanation has been offered for these procedures by yaiious 
writers} fig-tree sap has been said to be a preservative, to add toughness and 
flexibility (the juice is similar to latex, the milky sap of the rubber tree), and 
to make the paint more bnishable. There is no record of its use in modem 
times. The 60 <<alled fi^milk of German ori^n is an artificial product, a 
complete tempera emulsion in itself. 

It is always advisable to use the freshest eggs obtainable} the medium vnll 
then stay in condition for the longest possible time, and the paint will be 
supenor in every respect. Storage and preserved eggs are suspected of form¬ 
ing vreak or impermanent films. The yolk is useless as a medium after it has 
commenced to decompose. The yellow colour has very little effect on the 
especially when the yolk is well diluted with water and mixed with 
pigments. Daylight is said to bleach it permanently soon after it dries. Cen- 
nini recommended town eggs as being paler than country eggs; some types of 
white eggs have very pale yolkS} but the practical difference between the 
lightest and the darkest is very slight. 

When painting with egg, plenty of water should be used, and the brush 
should be dipped into water frequently. When the amount of egg is in 
proper relation to that of pigment, a large amount of water may be added to 
the paint} inexperienced painters often have difficulty in handling the tern- 
pera medium through not introducing enough water. When too much egg is 
used, tlie paint will dry too rapidly and brush out with difficulty} when not 
enough egg is used iu relation to the amount of pigment, the resulting film 
will be weak and powdery. To test the paint film it should be brushed and 
allowed to dry on a sheet of glass. If it can be peeled off in a continuous, 
tough film with a knife, there is enough egg to bind it} if it powders or flakes 
off there is not enough. Some pigments, as will be found by experience, re- 
quire a Uttle more egg than others. This procedure does not, however, afford 
a fair test of the paint film’s lime of drying, brushing properties, etc., be¬ 
cause the conditions are too far removed from those of actual painting on a 
gesso ground. ® 

The foregoing account is intended to he an outline of the pure or classic 
method of egg tempera as practised in Italy from some time before the 
fourteenth century until the improvements of the fifteenth century j all other 
tempera procedures stem from it 


Emulsions of Eog and Oil 

The addition of stand oil, sun-thickened <m 1, Venice turpentine, and cold- 
prassed linseed oil of normal viscosity to egg-yolk and whole egg has been 
mentioned in early writings, but there is little record of the establishment of 
any standard, traditional technique or of any exact formulas} all recipes in 
present-day use are of comparatively recent ori^n. 
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Addidon 6f oil to egg changes the latter’s quaUdea, and without entirely 
losing Its tempera character, the medium lends to acquire some of the oU 
characteristics. It becomes somewhat easier to handle and is more adaptable 
to a wider range of effects, especially when used by an artist whose trrinimr 
and experience have been prindpally confined to oils: it piles up a little 
satisfactorily than pure egg-yolk; that is, sharply textured or semi-impasto 
strokes stay put. For really heavy impaste spots, such as those produced by the 
early painters in making small spots stand out in bold reUef, it can be used to 
much better advantage than the pure egg-yolk, but stiU not so well as gum 
tempera. For the technique which paints tempera into wet oil-medium colour 
as described further on in this section, an egg/oil emulsion seems to be the 
most dedrable. 

Egg/oil mixtures have several disadvantages: dieir tendency to lean 
eomewhat toward the oil painting characieiistics someurnes brings their 
optical effect toward that of oil and away from the pure egg tempera ap- 
pearancej the emulsions must be accurately and rather deUcaiely balanced in 
order to work successfully j and their behaviour is likely to be erratic and 
influenced by very slight variations in conditions. Every once in a while an 
egg/oil emulsion refuses to dry and becomes gummy and intractable under 
the brush. This behaviour is usually accompanied by a separation of oil from 
the emulsion in rather large, visible globules and occasionally traction 
fissures will occur in the film. The cause of this condition is not always easy 
to analyse. The oil may have become separated from the emulsion because 
of the presence of impurities such as soluble saltsj the emulsion may have 
gone over to the watar-in-oil type which is described on page 307, the 
emulsion may not have been combined properly, some of the oil remaining 
in superfidaJ mixture rather than being completely dispersed or emulsified, 
or sufficient water may not here been used. Stale eggs may also be the cause. 
In an e^/oil emulsion the hmits within which proportions may vaiy are 
rather narrow, and not too much deviation from a successful redpe mav be 
made. 

The remarks on the defects of egg/oil emulsions are to be taken sis 
warnings or precautions rather than as condemnations of the medium, for 
many painters make use of it with complete success, and its properties and 
effects exactly suit the technical and artistic requirements of some of our 
most popular current schools of painting. 

Most of the published formulas for egg/oil emulsions are apparently of 
German origin. Perhaps the most universally successful mediums of this type 
are those formulated from the starting point of equel parts of whole egg and 
oily ingredient, to which are always added at least two parts of water. 
Doemei^* says that such emulsions need not be mixed with special equip¬ 
ment nor for very long, and recommends only a brief shaking in a tall bottle. 
This is not quite in accordance with the approved methods oE making stable 
emulsions of this type as established in scientific and industnal practice, 
where Care is taken to agitate the mixture long enough to break the oil into 
globules of the smallset postible size and to make sure that none of the oil 

171 



TEMPERA PAINTING 


remams unemuMBed. Such mixtures are agitated hj ehaHog them is a tall 
container or hy sdrring them with a propeller j there is some disagreement as 
to which method ia better. However, these procedures have not been investi* 
gated for their application to tempera paints. Some expenmental emulsion 
methode require two short stages of shaking with a few minutes’ rest in 
between. Mechanical agitating devices are mentioned under Gum Tempera 
and on pege 521. 

The oily ingredients in approved general use are cals, thickened oils, 
simple‘5olution varnishes, Venice turpentine, aztd mixtures of these, such as 
half stand oil and half damar varnish, tbree^fourths oil and one-fourth var¬ 
nish. Laurie^ says that if a little turpentine is present (as it would be in the 
case of damar garnish) the emulsification of heavy oils, such as stand oil, is 
assisted. Together with the majority of writers, he is of the opdnion that pure 
egg-yolk is the best tempera emulsion. 

A number of Amencan painters use the follomng egg/oil emulsion as a 
standard redpe, varying the compositiOQ of the oily ingredient according to 
individual preferences. 

2 parts whole egg 

4 parts water 

1 part stand oil 

1 part damar varnish 

When oil and varnish glazes or overpaintiDgs are used with such emulsions 
H is well to use the same or amilar oily ingredients in both, and v?ith any 
technique which employs alternate complex or muluple layers of paint, care¬ 
ful painters eometimes add an extra drop or so of oil to each succeeding 
glaze or paint coat in order to produce a correct gradation of flexibility. 

E gg /oil emulsions which employ the separated yolk rathartban the whole 
egg are muck more likely to exhibit the defects previously enumerated. The 
following recipe is an example of one of the countless variations which may be 
made. 

5 parts egg-yolk 
1 -^ parts water 

1 part stand oil 

1 part damar varnish 

In the Papers of the Society ofMural Decorators and Painters in Tempera, 
Vol. II,** Hart gives the following redpe for egg-yolfc/oil tempera, and 
accompanies it with very detailed inslnictiom which are briefly outlined 
below 

Yolk of 1 egg 
10 drops of oil of lavender 
Washed and sun-clarified linseed oil equal 
in volume to the yolk of egg 
Twice this volume of water 
\72 
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Very carefol precaunons are taken to keep the white out of the yolk, in¬ 
cluding rolling the yolk from one hand to the other and wiping each hand 
a^r the yolk leaves it. The reason given is that excess alhumen would 
encourage cracking in thit formxila. 

The yolk is emulsified with the of lavender hy the mayonnaise system, 
one drop of oil at a time ruhbed in thoroughly with tlie muUer on the slab. 
The egg should become somewhat paler and thicker. It is put in a jar, 
covered with a damp cloth, and a portion of it relumed to the slab where the 
linseed oil is worked into it in the same way with the muUer, After 4 drops 
have been emulsified, more egg murture is worked in, and the procedure is 
repeated, the dl being added in gradually increasing amounts after each 
addition of egg. When it is finished the emulsion should be a stiff 'mayon¬ 
naise'. The two volumes of water are apparently to be added at the end, 
small portions at a time. 

This medium is used in the same way as the other egg/oU temperas, but 
its author recommends that an additional part of a special varnish be emulti- 
fied with it for use with ultramarine, cobalt blue, and the cadmiums. The 
varnish is one part of hard copal dissolved in tetrachlorethaue (a powerful 
chloroform-like solvent) and then mixed with \ its (copal?) volume of raw 
linseed oil. The volatile solvent is allowed to evaporate completely (without 
boiling) before the varnish is used in the emulsion formule. According to its 
author, the resulting product is not to be confused with the undesirable 
cooked copal varnishes. 

The careful and meticulous instructions for esnulsions given by Hart and 
ether writers may be considered by many practical painters to contain un¬ 
necessary over-refinements, but the concern over a complete and thorough 
emulsification of the oil is sot unfounded. In the case of the above formula if 
care be taken to insure complete dispersion of the oil the results will be 
supeiior to those produced by a casual shaking. The small amount of lavender 
oil astists in the emulsification and the formation of an oil-in-water type of 
emulsion; it is more or less evaporated during the subsequent mulling. 

Studies on the commercial production of emulsions of very similar compo¬ 
sition show that the beating in of a very slow and steady stream of oil will in 
many cases produce a more stable emulsion than can be made by adding suc¬ 
cessive portions. Mixing the above formula with a high-speed mixer or beater, 
pouring the oil into the egg in a very slow stream, should ^ve resulu at 
least equal to those produced by the mulling method described, but about 
three times the amounts of the original redpe would be required for the 
effident use of such equipment. 

Friediein*® gives a redpe for egg/oil emuldons: 50 grams separated egg- 
yolk (about 2 yolks), 20 grams of oil, and after these are thoroughly mixed, 
20 grains of water shaken in, in small successive portions. His favourite 
formula contains ingredients of doubtful value: 150 pans of separated egg- 
yolk (10 yolks) emulsified with a mortar and pestle with 75 paru of poppy wl, 
then thinned with 20 parts of water and 10 of glycerin. I have made many 
experiments with separated egg-yolk emulsified with the usually approved 
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ingredleau, Vut have not succeeded in improving upon the all-around 
results of strai£;ht agg-yolk, gum emulsiOQ, or ^rhoie egg/oil tempera. 

Experiments with tempera emulnons call for careful, accurate measure¬ 
ments and separations, and a record of the formulas should be preserved in a 
notebook. Samples should be painted out on glass and also mixed with pig¬ 
ments and painted out on paper or gesso-coated paper, and observed for dry¬ 
ing, flexibility, brushing qualities, yellowing, binding, and adherence. 

Si§g-Whii9 Mediutm. Egg-white, or glair, has been used to a minor extent 
in painting techniques from early times, especially in the applicataon of 
colours to illuminated manuscripts, but its poor brushing properties limit its 
use for techniques which demand any degree of flexibility or Teriation in 
manipulations. It is virtually a pure colloidal solution of albumen, it has 
comparatively weak nim-forming and binding qualities, but it reacts in the 
same way as the other substances of its class in that it becomes denatured 
(coagulated) when exposed in thin layers to air and sunlight, and its con¬ 
sistency is altered by agitation or beating. Its dried film is a little more soluble 
in water than some of the others; Hke a gelatin or glue film, it may be 
hardened with formaldehyde. Medieval recipes call for beating it to a frothy 
liquid; sometimes it was used to bind very pale or very reactive colours 
which gave less desirable effects when mixed with egg-yolk. Its sole desirable 
use in modem tempera painting is as a constituent cd those egg/oil emulsions 
in which the whole egg is used instead of the separated egg-yolk, as in the 
traditional pure egg tempera method. It appears to contribute a stability to 
such emulsions, probably because the additional colloidal solution of albumen 
overcomes any tendencies on the part of the other ingredients to form un¬ 
desirable or unstable types of emulMons. When egg-white is employed on a 
commercial scale, as it is in various industrial processes, a diied material is 
used. This is available on the market in a form resembling crushed gum 
arabic, and is called egg-albumen. Egg-white is used more successfully as a 
rize for attaching gold leaf to gesso, picture h'ames, and leather than for 
painting purposes. A popular conception is that, because it is colourless in 
comparison with the yolk, egg-white was exteoslveiy used in early paint 
mediums; but it was never used to any extent is standard, well-developed 
easel painting techniques. Its mention in this connection is an example of the 
type of inaccuracy that finds its way into compilations and accounts written 
or translated without first-hand knowledge of the subjects. 

Gum Tempera 

Emul si ons made from gum arabic produce satisfactory tempera paints, 
and when glared or overpainied with tMo oil and varnish mediums they can 
be used to duplicate some of the luminous qualities seen in the later Flemish 
and Italian glazed tempera works. Because gum arable does not alter in 
process of diying as do egg-yolk, casein, and albumen, but merely deposits a 
mecbanical film by evaporation, its film is not quite so water-resistant as those 
of the other temperas, and greater care must be taken to avoid the jacking up 
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of the undeq^amUQg; when a second coat U applied, espedall; when the 
underpaintio^ is freshly dried. 

Gum solutions, however, comUne with a large numhex of cols and 
retins without turning dark and if the brush stroking is carefully done, they 
may be overpainted in much the same way as the others. Gum arabic has 
been used as a painters’ matenal from the earliest times ^ it is generally con> 
tidered that it was employed alon^ with improved oils and vamishes during 
the early period of improvement of the tempera technique. The less soluble 
variety, gum Senegal, should he used whenever it is obtainable. 

Gum emulsion mediums are permanent, they are a little easier to mani* 
pulate than egg emtiltions as they can be made to dry more slowly, and they 
are capable of producing a great number of effects; either smooth, thin 
painting or heavy impaste may be produced by them. Their most important 
advantage is that their formulas may be more widely varied within the 
bounds of sound practice than those of the other emulsions. They are there¬ 
fore more adaptable to the requirements of the individual. 

Gum arabic is dissolved to a heavy, syrupy consistency, and the oily in¬ 
gredient is stirred into it slowly. Emulti£cation takes place immediately; the 
mixture has a milky appearance; but the rule for making perfect emultions 
of this type demands that the miying or shaking be continued vigorously for 
some tinae. 

A convenient mixer for preparing emulsions is an inexpensive egg-beatv 
and glass jar to tit, procurable in kitchenware departments. A better jnece of 
equipment which also finds many other uses in the studio workshop, is a 
small household electric mixer; the land which can be held in the hand as 
well as set in its support is most convenient. Three to five minutes’ cn:»Jig 
with this produces emulsions which, if properly formulated, will not separate 
on long standing. (See page 521.) 

Typical gum tempera emulsion (parts by volume); 

5 gum solution "j 

1 stand oil 

1 damarv 



{glycerin 

The gum solution is made by pouring 5 fluid ounces of hot water on 2 
ounces of crushed or powdered gum arabic (2 ounces of finely pulverized gum 
arabic will equal approximately ounces by volume—it will he slightly 
less). The damar varnish is the usual 5 pound cut mentioned under varnishes. 

The oily mixture is added to the gum solution in a slow stream with con¬ 
stant a^tation which is continued until the mixture is a thick white liquid, 
homogeneous, and free from large globules or drops of oil. If no mixer is 
available, the emultion may be made by shaking the ingredients together in a 
tall bottle no more than three-fourths full. The glycerin is to be mixed in 
thoroughly after emidafication of the gum solution with the c^y ingredients. 
This recipe may be used as a starting pcint by painters who wish to develop 
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a mediuiQ lo suit their particular ueeda. Variations in the proportions of oily 
and aqueous ingredients will change its film characteristics. Increase in the 
amount of glycerin will improTe its brushing qualities but will also increase 
iU solubility. 

In addition to the advantages previously listed, this type of tempera 
emulsion uses only permanent, time-tested materials, and has oily ingredi¬ 
ents the same as those which go to rnahe up some of the most approved glazes, 
thus produdng glazed jactures of correct physical structure. 

Solutions of gum arabic decompose upon sunding, but to a much lees 
extent than do those of casein or egg- Gum tempera medium will keep in 
tightly sealed bottles for over a year; but if the bottles are imperfectly corked 
so that a little air can get in, it will soon develop mould on the surface. 
Glycerin has a definite preservative effect and help somewhat to retard de- 
comporition, Generally speaking, it is not worth while to complicate this 
easily prepared and long-lasting emuldou by the addition of preservatives, 
but should the occasion require it, either sodium orthophenyl phenate, de¬ 
scribed on pge 2$4, or a 10% solution of phenol (carbolic acid) may be used^ 
with the latter, an addition of 1 % of tlie volume of the emulsion is generally 
sufbciant. A small amount of pne oil added to the oily ingredient will act as a 
mild preservative and will also improve the odour of a gum emulrion. The 
propnies of glycerin and gum arabic are mentioned further under their 
respective headings. The emuldon itself holds together well on storage; if it 
does not contain too much water, there will be only a slight creaming, and 
the emulsion can be made homogeneous again by a little shaking. Gum arabic 
and oil can also be emulsi^ed by another method; a formula of FriedleinV^ 
is as follows: 100 parts of pulverized gum arabic are well ground with a mortar 
and pestle until free from lump. Measure 150 parts of pppy oil and 120 
parts of water into a wide-mouthed glass, dump tlii«t into the gum arabic in 
the mortar, and rub continuously undl emulsification is complete. This will 
take only a short rime. Then add 20 parts of water in small successive potrions. 

Cherry gum has been used successfully in tempera and may be substi¬ 
tuted for gum arabic in the above formulas. Some tempera spedalisU believe 
that it is supriox to gum arabic. Its use dates from very early times and it 
may be a more authentic material than gum arabic for duplicating some of 
the older temperas, It is described further on page 230. 

A typcal or starring-point formula is the following (proportions given by 
volume): 

12 parts cherry gum solution (2 ounces gum and 6 fluid ounces water) 

4 parts stand oil 
4 pelts damar varnish 
1 port glycerin 

Wax Emulsions 

Tempera paints made with wax emulsions have many good qualities. 
They are quite rerisiant to external moisture and their colour effect is bril- 
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liaatj if the pamtings are burnUhed or polished with a soft cloth or absorbent 
cotton, a lai^uer-like effea will be achieved without Tarnishing. However 
unless It IS important or highly desirable to retain the original finish, it is 
perhaps safest to varnish them as one would an oil painting. 

In order to employ beeswax in tempera emulsions, it is first necessary to 
saponify it 5 that is, make it into a soap by heating it with an alkali solution. If 
the formula is not accurately compounded and an excess of alkali is present, 
free alkali will remain in the emulsion and the resulting medium will turn 
yellow. 

The use of saponified beeswax in painting mediums is of great antiqintyj 
references are to be found in the earliest writings and in the records of most 
later periods, but there are few if any standard, complete techniques 
established in modem pracUce. Investigators believe that one of the means 
the andent painters had for making a fluid paint before the days of turpen- 
rine and other volarile solvenU wes the use of a waxy medium that could be 
thinned with water. At present its use is confined to painters who adept it as a 
result of independent experiment. 

Wax soap is best prepared by boiling 1 ounce of white beeswax with 5 
fluid ounces of water and after it has melted, pouring in slowly vrith surring, 
i ounce or a little less of ammonium carbonate which has been mixed to a 
creamy consistency with a little water. A teaspooaful of half-strength am- 
njonia water may be substituted for the ammonium carbonate if desired, 
Continue the heating until all the ammonia gas is driven off and allow the 
mixture to cool, stirring occasionally. This wax soap will be pasty and usually 
must be warmed before use; if a creamier consistency is required, increase 
the original amount of water. EmulsihcaUou with oily ingredients is assisted 
if an ounce or so of turpentine is added before putting in the alkali. If the 
wax soap is emulrified with egg or some other aqueous medium, the resulting 
mixture may be freely thinned with water. 

Among the materials most recommended as ingredienu of wax emul¬ 
sions ere simple-eolution varnishes, oleorseius, casein, glue, and guxu solu¬ 
tions; as plasticizers, glycerin and castor oil. The drying oils are generally 
condemned on account of their tendency to cause such emulsions to turn 
yellow, but stand oil and some of the modem varnish linseed oils may possibly 
be suitable. Further usee of beeswax are noted under Pf^azes. 

Wax soap must be entirely free from uncombined alkali if it is to be 
mixed with resins or oils; otherwise soaps of these latter materials will be 
formed. Careful users will warm the wax solution until all ammonia odour 
has disappeared or until the mixture no longer turns red litmus test-papers 
blue. 

Tempera mediums which contain wax are not easily managed or con¬ 
trolled and must be accurately made and well tested to guard against erraric 
behaviour. In the hands of an experienced painter they are capable of being 
applied to work of great delicacy. Very few of the published wax tempera 
recipes can be used directly without some experimental adiustment. 

Friedlein** gives the following recipe for a wax preparation to be used in 
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emulslous: equal parts of white wax in cestot oilj remove from the 

stove and thin with five parts of turpentine j keep in a tightly closed can, and 
use by emuldfying with egg, casein, gum, etc. Typic^ formulas for such 
emulsions are; 15 parts of wax mixtiu^ to 10 parts of gum solution; 100 parts 
casein solution, 60 parts wax itiixture,and 60 parts water. This wax prepara¬ 
tion, unlike the saponified wax, is purely an oily ingredient and is meant to 
he emulsified with hot aqueous solutions. 

Oil Tempera 

Under EmuldfmSy on page 507, mention is made of a water-in-oil or re¬ 
verse type of emulaon in which the water is dispersed in minute glohxtlee in 
the oil. Such emulsions may be thinned only with turpentine or other oil- 
miscible solvent and not with water, and so if it is de^ed to add a little more 
water to such mixtures than that which naturally comprise® half of the yolk, 
it must be mixed with the egg before the emulsification. 

Egg-yolk carefully separated from the white and mixed in the proper 
way with no less than twice its volume of stand oil will result in a medium 
that has very interesting properties. Laurie** suggests that it may have been 
used in the fifteenth-century Flemish method. (The usual reconstruction of 
this method employe painting wet into -wet with aqueous tempera and oil- 
resin mediums.) The definition of tempera given at the beginning of this 
chapter does not cover this type of emulsion} yet from the point of view of its 
use, behaviour, and effect, it is classed among the tempera mediums. 

A few drops of egg-yolk or egg-yolk and water mulled into a tablespoon 
of stand oil, other oil, or a mixture damar and oil in the manner described | 

on page 175 but with the omission of the oil of spike or other volatile solvent, < 

vnE ;^oduce a medium which can be diluted with turpentine instead of | 
water and which has working properties different from those of any of its 
ingredients and from those of aqueous tempera. Its film will not usually dry 
faster than its oily ingredients alone, nor will it be more redstant to the 
action of solvents. The properties of the medium will change as more drops 
of egg are added and when the volume of egg or egg solution passes one- 
third of the total, the mixture will change to the oU-in-water type, which is f 
nusdble with water. The presence of much turpentine in the oily ingredients J 
seems to favour the formation of the oil-ln-water type. [ 

These emulnons have often bean employed by experimental painters, but | 

because no standard tradition has been established they must be closely ob- . 

served and tested before being used, to make certain that they are homo I 

geneous mixtures misdble with solvent and that they will dry well. The { 

presence of finely divided pigments is helpful in the formation of water-in- I 

oil emuMous; tube oil colours can be used in their preparation. < 

There is an impression among some that if the ingredients are properly I 

balanced, an emulsion can be made which may be diluted with either water I 

or turpentine. This is not in accordance with the present theory of emulsions, | 

and such a condition would be of doubtful value in any case. t 
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Balance of properties for en-aroimd use is more difEculi to achieve in 
water/oil emulsions tiian in oil/water emuiaonsj the film usually has many 
of the characteristics of the oily ingredient, especially its solul^ty. One part 
oi^g-ydik emulsified vrith one to two parts of heavy damar (8 lb. cut) and 
thi^ed with one pen of turpentine gives a non-yellowing painting medium 
which handles well hut which is as soluble in turpentine as is straight damar 
varnish. This emulsion keeps for a long time in bottles- 

The statement that each of the two types of emulsion may be thinned 
only with its appropriate solvent applies to ordinary brush dilution or thin¬ 
ning, Mulling or shaking with additional liquids will usually cause further 
emiUsification and may result in a change of type, depending on conditions. 

Casein Tempera 

Emulsions of casein solutions with oils are easily made. They have good 
structural or film-forming qualities and are quite stable, but they invariahly 
have the unfortunate property of turning yellow or brownish-yellow with 
great rapidity. Cascin-oil tempera should never be used for permanent work, 
and oil should never be used in casein grounds if their brilliance or whiteness 
is to be preserved. Although prepared tempera colours made with casein 
have been sold in tubes there have been no standard methods or formulas in 
common use, end the artist who wishes to employ casein emulsions must do 
his own testing. Non-yellowing emulsions of casein may be made with 
saponified wax, Venice turpentine, damar varnish, etc, j any tendency of the 
medium to turn yellow will soon be disclosed if it is ground with zinc white, 
painted out, and exposed to sunlight in the same manner in which pigments 
and varnishes are tested (see page 96). Simple casein solutions for use as 
painting mediums cannot strictly be classed as temperas, because they are not 
emultions. See page 278. 

Techniques of Tempera Painting 

The oil painting process came into use and largely supplanted tempera, 
as an entirely different technique which could produce entirely different 
effects; water-colour painting is used for the same reason; and tempera owes 
its present popularity mostly to the fact that it produces paintings of a char¬ 
acter different from that of oil or water-colour work. There is, therefore, little 
reason to attempt the imitation of oil or water-colour effects in tempera; if 
these are detired, one had better use the appropriate medium. 

Long experience has acquainted us with the advantages of each medium, 
we have become accustomed to certain ideas of how each one should look, and 
we are usually prone to be rather critical when the effects of a medium do not 
comply with our notions of what is fitting. Before beginning bis work the 
artist has a visualization of the final results, and decides the details of his 
technique on the basis of his preferences and experience. 

The traditional tempera techniques are ail based on deliberate, methodi- 
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cal, weH-planaed procedure—parricularly those which eroploy oil or oil- 
resin glazes, where, as has been meutioned preriously, the optical effect 
depends upon built-up elements or layers rather than upon the constitutive 
properties o£ a single direct medium, as in oil painting. However, within 
hmitationa tempera is also applicable to more spontaneous or direct methods 
of paiixtin^, and it is beyond the province of any commentator or instructor to 
determine the limits on technical grounds, although he may justiflably 
criticize the results of an inappropriate application of materials. Some painters 
are personally or temperamentally able to use the tempera mediunt success¬ 
fully in a much more direct menner than others ^ the majority of those 
who favour tempera, however, prefer the methodical step-by-step construc¬ 
tion. 

The usual or standard procedure, based on the traditional pure egg;-yoUc 
technique, is to make a complete drawing and trace it upon a gesso panel 
which has been brought to a smooth, fine, ivory-like finish. The artist has a 
clear idea of the final effect which he derires in his picture, and, depending 
upon his preferences, may either trace his drawing in detail or merely outline 
the significant or guiding points. If the drawing is made directly on the gesso 
with a lead pencil, care must be taken not to dog the white siuface vrith too 
many soft smudgy pendl marks or mar it with the scratches of too bard a 
pencil. Pencil lines or tracing are strengthened by going over them with a 
pointed water<olour brush, using diluted water-colour or ink of any shade; 
however, if the tempera painting is to be thin and rather translucent, these 
lines should not be so strong in colour as to show through and produce an 
aquarelle or unsubstantial effect, which is generally not in keeping with the 
more opaque tempera effects. The painting is done thinly with much dilution 
of the colour, achieved by dipping the brush in water, and colour gradations 
are made with fme strokes or hatches rather than by the oil technique of 
blending or scumbling. Red sable brushes are used more often than bristle 
brushes, but this is again a personal matter. Most experienced painters prefer 
that the brilliant white groxmd be covered up immediately, with at least a 
thin veil; its luminous effect will always be there, but its actual appearance 
should be guarded against. 

If the paintiDg is not to be glazed, full, deep-toned colours are used from 
the first in its execution; if it is to rec^ve glazes, the undercoat is ordinarily 
kept very pale or chsilky, resembling the tones popularly called pastel shades. 
The actual hues and shades used in underpaintings are a matter of preference 
based on experience; usually the final coloxu- reduced with white will suffice, 
but for some effects there is an advantage in using a cooler or a warmer shade 
of the same hue, or an entirely different colour. The brilliant red draperies 
of some old paintings were often made by applying a glaze of some lake such 
as madder over a rather strong tint of vermilion. Blue skies were underpainted 
with a pale yellow or junk; flesh tones with a variety of transparent colours. 
Sometimes the flesh was completely modelled in cool monotone, and then 
pven a warm, lifelike, transparent g^aze; sometimes green earth and white 
were used in such underpainting and sometimes a full range of very pale 
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colours- me^od of paiiiting th« earth in a landscape was to model it 
completely vnth burnt sienna and white, overpaintdng local hues with both 
opaque and transparent colours. All of these procedures and modificatioiis of 
them are in use. If the technique and methods of a painter have been 
eswbhshed through oil painting or water colour he wUl find that obrious 
adjustments of his methods must be made but that control of the medium 
will usually come after a little practice. 


Wet-into-Wet or Mixed Techniques 

When colours which have been ground in an oily gUze medium are 
glazed or not too hea^^y painted over a tempera undeipainting or directly 
upon a sized gesso panel, and the work is continued by painting with aqueous 
tempera into this oily layer while it ia still wet, a sort of crisp contrast in 
textural and optical values is achieved. The effects are suffideDtly different 
from those of other methods to be placed by some painters in a definite class 
by themselves. 

Many of the effecU produced by variations and extendons of this method 
cannot he duplicated satisfactorily by other means, and investigators have 
long attributed to this procedure certain results obtained by the early schools 
of painting, espedally by the fifteenth- and early sixteenth-century Flenush 
and German painters^ the method is also thought to have been used during 
the transition period prior to the adoption of straight oil and oil-resin tech¬ 
niques ^ statements in early writings substantiate both of these contentions, 

Two endrely different effects produced by wet-imo-wet painting are the 
depiction of very fine crisp lines (such as hair in portraits), generally done 
with the point of a small brush, and in the loose, free, rather draggy opaque 
areas of pale colour or white surrounded by or covered with transparent 
glazes of deeper, darker tones. In the latter case various effects are produced 
tfie opaque tempera and the transparent or translucent glazes 
against one another and by confining the cool or the warm side of ths palette 
to one or the other. 

The prindple is subject to considerable variation on the part of individual 
painters, and if they find it suitable to their requirements th^ are most likely 
to use it in a personal or individual manner. It may be employed throughout 
a picture or for occasional effects. As remarked in the section on water- 
colotir painting, any picture which combines opaque and transparent effects 
must be erther well planned in advance or executed by an experienced hand 
in order to avoid unpleasant optical results. 

If painting into wet layers is confined to separate brush strokes rather than 
covering broad flat areas, if there is a close connection between the ingredi¬ 
ents of the oily and aqueous mediums, and if the layers of oily medium are 
kept very thin, cracking does not occur. Use of tempera and oily mediums of 
too widely divergent properties and use of extensive areas of tempera over 
thick oily layers should be avoided. 

Thick or impeato tempera should be used only in the first layers^ if the 
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piciure requires g^g over by repeating the alternate coats, then the addi¬ 
tional tempera as well as the c^y paint should be kept very thin. 

The most popular and successful materials in use for this sort of paindog 
today are (1) a whole egg/cil emuldon used in conjunction with a glaze 
medium made from iogredienta which are the same or have the same pro¬ 
perties as those of the oil or resin content of the emulsion; (^) a gum solution/ 
stand oil-damar emulsion used with the stand oU-damar glaze medium. Final 
glanng coats, especially if they are to cover the enure picture or to be used on 
considerable continuous areas, should contain a little extra oil in order to 
assure the proper structural flexibility, and if drier must be used anywhere 
in the ^duxe it should be kept to an absolute minimum. The addition of 
cooked vamishee such as copal and other commerdal types Is likely to cause 
rapd checking of glazes in an ‘alligator’ pattern. In some techniques, particu¬ 
larly with the gum-tempera procedure outlined above, and for final glaze 
coats, regular tube oil colours drained by spreading them out on paper for a 
while, may be mixed with the oily or resinous medium to a glaze consistency 
instead of grinding dry pigments directly into It- As a general rule, if paint¬ 
ings executed in the mixed technique are going to fail by cracking, this defect 
will display itself immediately after they become completely dry, or within 
a very few weeks thereafter; if no such early failures occur, work of this type 
maybe considered to be as durable as any other form of tempera painting. 

Ready-Made Tempera Materials 

Most of the materials necessary for painting in tempera may be had 
ready-made, but, in order to secure perfect control of the technique so that 
it may be adapted to their individual requirements, and also for reasons of 
economy, many painters prefer to make their own. Although excellent re¬ 
sults as to both durability and satisfactory application may be secured by the 
use of prepared materials, it is generally conceded that some fim-hand ex¬ 
perience and knowledge of their composition and preparation is necessary for 
their proper use and selection. Such experience enables a painter to identify 
the general nature of the prepared materials and, if necessary, to adjust them 
to his requirements. 

Poster or show-card colours sold in jars are sometimes labelled tempera 
and so called by commerrial artists; this practice seems to be increasing. 
Correctly, these coburs, which are mostly of the simple gum-water, glue 
size, or distemper type, should be known as poster colours- The adoption of 
the term tempera by some makers in this country seems to have been 
prompted by the need for a name to distinguish the finer grades of poster 
colours from the inferior kinds. True tentpera paints are never sold in jars, 
but in tubes; their use is highly developed in Germany, where all sorts and 
varieties are made—-good, bad, and indiHerent. 1 am well acquainted with 
only one American brand of prepared tempera colours* (Martini); thesa are 

• Prepared tempera colours are normally supplied by several British firms, 
notably I^ssrs. Rowney and Messrs. Roberson; owing to the ratioiung of sggs they 
ere at present not manuiactured. 
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$tad to carefully made from an e^ emuUiou and they he™ been used with 
auccese by many parnterei others prefer the worMng qualiUee and effect 
their own particular mixtures. ® ^ enecis oi 

The v^uati^ of prepared tempera paints is, in general, quite dmri . gt 
least for^e mtist who has made his own and is fan^ with their require¬ 
ments; the pn^pal test is whether they will perform in the desired .^n rer 
when subjected to ^ manipulations. The yellowing of improperly com- 
bined mi*^, such as casein with linseed oil, and the fadin/of imner- 
m^ent flours show up after a month or two of testing by eitporuie to s»- 
light m the uaual manner. ^ ^ 


Lawe* suggests that prepared tempera paints be tested for alkdinitv 
with htmus paper, and that a lump of the colour as well as a brushed film be 
placed on glass and allowed to dry for a month. At the end of this lime it 
should hare cracked, and if left to stew in hot (not boiling water for 
eereral hours it should neither diantegrate nor separate from the glass. As 
motioned in connection with prepared painting materials in general, the 
reliability of the maker is also an important consideration, 

Gesso panels on plywood and cradled WaUboard will be made to order by 
some artists' suppliers? the process and its principles are «mple enough to 
lend themeelves to commerdal production without any difficulties, and there 
IS Uttle reason for the substitution of inferior materials. The artist may quite 
easily judge for himself by an examination of their workmanship and surface 
properties whether or not they are of high quality, 

Prepared tempera emulsions of secret composition are best shunned, 
unless ilwy are sold as being the same medium as that employed by the Orm 
in question to mate prepared tube colours which the artist has selected as 
suitable for use. Other liquids for tempera painting, such as glaring mediums. 
Tarnishes, etc-, present the same problems as do amilar products for oil 
pamiingj Tory few of them are sold with a complete, unequivocal analysis of 
their exact percentage comporition, 
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Grounds for Oil and Tempera 


T he material upon which an oil or tempera painting is executed ie 
divided into two parU^ namely, the actual surface or ground, and 
the support wPiid: is the foundation, hacking, or carrier for this 
surface. 

The three chief grounds in general use are oil grounds, gesso grounds, 
and esiulrion grounds which are a mixture of the first two. A number of 
other grounds en)oy less popular use. 

The principal supports in use are wooden or composition-board panels, 
textile fabrics stretched on wooden frames, and, rarely, thin sheets of metal. 


Canvas 

The word canvas does not refer to any spedHc material in the field of 
textile fabrics, but is applied to a number of closely woven materials of 
relatively coarse fibre, such as are used for sails, tents, awnings, etc. In paint* 
ing, the term canvas gaaerally implies a coated fabric, ready for use; the word 
is also employed by commentators to mean a finished oil painting. 

Practically every closely woven textile has been urilized at some time as a 
support for paintings. Legend tells us that linen canvas stretched on wooden 
Barnes was first used for paintings of religious subjects to be carried throtigh 
the streets in processions, especially in Italy. However, cloth as a support for 
painting was known to the ancients, and it was a logical material to turn to 
when ardstic oil painting was introduced. Cotton canvases, such as duck, 
saikdoth, and twill, came into occasional use after the conunerdal production 
of cotton, but they are entirely inferior to linen; they stretch poorly, they 
tend to give an inferior surface, and most of them do not take the size or 
priming well. Only the cheaper sort of ready-made artists’ canvas is cotton, 
The best material is a closely woven pure linen with the threads of warp and 
woof equal in weight and strength. Linen-cotton mixturee are probably worse 
than pure cotton; their uneven absorption and discharge of atmospheric 
moisture will cause variations in tension. Jute becomes veiy brittle and life¬ 
less on short ageing and should not be used. 

Commercial canvas has an advantage in that it is coated by machinery or 
in a shop well equipped to provide a mechanically even hand coating by ex¬ 
pert workers, who can force the coating well into the weave with a minimum 
use of materials; but the home manufacture of canvas has a greater ad¬ 
vantage in that it makes posable the selection of materials solely on the basis 
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of the artists* criteria of permanence, suitability, etc., unhampered by certain 
considerations whicli must be taken into account in commercial manufacture, 
storage, and distribution. 

During the early nineteenth century a smooth cauTas with a diagonal or 
twill weave was in wide favour, especially for portraits. Prior to the intro- 
doction of improved mechanical weaves, a hand-loomed square weave of 
coarse tingle strands was used^ this was often a very open weave and required 
a filling of thick glue. 

Priming Oil Carwas. Stretch the linen, driving the tacks only part way 
into the stretcher, and moisten the canvas evenly with water- When it is dry, 
tighten end restretch permanently- Impregnate the canvas thoroughly with 
tize. Oil paint should never come in direct contact with the fibre, or the 
canvas will rot. This has been known to artists for hundreds of years, and the 
earliest examples of oil paint on canvas are fotuid to be thoroughly tized with 
aqueous glue. When the tito is dry, apply the priming with a brush in even 
coats, as thinly as possible. Work the paint well into the cloth) use a scraper to 
remove excess of first coat if necessary, the idea being to apply as thin a coat 
as postible. The scraper is a tool with its edge at the end, similar to a very 
wide putty knife $ it is commonly called a wall-scraper (see page 94). For 
general use it should be of fine quality, about S or 4 inches wide; the most 
Umber, flexible one should be selected from the dealer’s supply. The cheaper, 
inflexible kind is less useful. 

White lead in oil produces a satisfactory coating) white lead and yinr- (in 
proportions of from 40 to fiO% of either) produce a better one. This may be 
thinned with a mixture of turpentine or mineral spirit and, if necessary, a 
little refined but not ^>ecially bleached linseed c^. Just enough liquid (lin¬ 
seed oil-turpentine mixture) is to be added to make brushing postible, sod it 
should contain only enough turpentine to produce the desired semi-mat, 
slightly absorbent finish. Too much turpentine will result in absorbency, 
porosity, and lack of toughness and durability. The film produced by zinc 
white alone is too brittle. Titenium pigments also have defects, and should 
be used for grounds in not more tbaii 40% proportion with white lead or 
zinc. Lithopone (not recommended as a pigment for painting) is satisfactory 
for grounds when tised alone. When additional tooth or coarseness is dstired, 
a coarse, inert reinfordng pigment, such as silica or pumice, may be ground 
into the paint up to 10%. No dry pigments should be merely mixed with ml 
for priming purposes; they must be ground—not necessarily finely ground 
but mulled enough to insure wetting of the individual particles and uni¬ 
formity of the paint film. Canvas for oil painting is commonly prepared by 
the ap^cation of two coats, the second being applied thinly and carefully as 
soon as the first is dry enough. When coats <rf different composition are used, 
it is always better to apply the coarser one first and always absolutely necessary 
to apply the more flexible one last. Most commercial primings are tinted 
slightiy grayish to overcome a tendency toward yellowing. 

Aqueous grounds also require a preliminary sizing of the fabric if they are 
to be applied successfully. The usual preferred sizing material is hide glue, 
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dissolved according to the procedure described under preparedon of gesso on 
page 200, but diluted ^th water so that it forms the weakest sort of semi* 
)ellj OQ cooling. Casein and other animal glues of good quality may also bs 
used, but they too should never be made up in strong or adhesive concentra- 
tions. Casein has been widely recommended for this purpose, because when 
dry it is much more water-resistant than glue or gelatin^ but ^ue appears to 
be in wider use because it is more flexible. The moisture resistance in both 
cases is greatly increased by the use of formaldehyde, as explained elsewhere 
in this section. After the glue or casein si^e has dried, both sides of the canvas 
may be sprayed or brushed with the 4% formaldehyde solution. 

A size is not a cement^ it is a penetrating liquid employed to hll pores, to 
isolate coatings, or to make surfaces suitable to receive coatings^ it is not 
intended to form a continuous, level ^Im. This is an important distinction, 
and one not always realized. It is difficult to give any strictly measured or 
weighed formulas, due to the variation in glues, but about ounces of 
rabbit-sldn glue to a quart of water will not be far from the correct amount. 

Direct application of oil to linen, definite and inevitable as its rotting 
effect may be, is no more ruinous to an oil painting (and is usually more 
ameztable to conservation treatments) than a heavy Glm-forming coat of glue 
or casein, such as is sometimes found underlying an oil ground, particularly 
in eighteenth-century paintings. Glue, unrelnforced by pigment as in gesso, 
or by starch or dextrin as in relining and industrial techniques, has Ettle 
sub^ty as a continuous filrn of appreciable thickness, esperially under several 
coats of oil paint- The movement caused by its continual absorption and dis¬ 
charge of atmospheric moisture often results in a complete and heavy scaling 
of the entire picture, a condition that can be repaired only by transferring the 
paint him and rerooving the size, one of the most exacting and laborious of 
restoring techniques. 

As remarked elsewhere, linseed oil is not a good adhesive, and the film of 
an ground should be allowed to get some sort of hold in the interstices of 
the canvas, which should be isolated from chemical action but not from a 
mechanical bond with the oil ground. The anatomy of as oil painting and 
similar matters discussed under Conservation may be referred to in this 
connecEon. 

The ground is not merely a first coal of paint over the support^ for per¬ 
manent wearing qualities it should not be dispensed with by painting the 
picture directly on the support. Besides supplying the necessary white colour, 
uniform texture, degree of absorbency, etc., it furnishes an intermediate 
structural layer between the support and the painting layers. 

The smog of canvas with a solution of cellulose has been siiggested on the 
theory that it will not rot the doth, will not absorb and dlsi^erge atmo¬ 
spheric moisture, and will be chemically the same substance as the fibres. To 
this suggestion I would add the precaution that care should be taken to twe 
this matenal suffiaently dilute to be a size which merely seals the absorbent 
of the fibres, and not an actual Slmj cellulosic coatings will form continuoua 
films even when quite <filute, and such films would present a rsnher pre- 
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carious bond for ihe oil paint. Any ono of the pure solutions of callulosa or 
pyroxyUn lacquers may be used together with any convenient solvent and 
because of the present novelty of the procedure and its experimental nature 
11 would be well to make a permanent notation of the combimrrion on the back 
of the c^vas. Thee© materials produce films which are totally foreign in 
composition and prcperues to the usual painting materials; this feature may 
be of greater rig:mficaiice than the fact that they are related in composition to 
the textile fibres. Glue size leaves UiUe to be desired from a functional view- 
point; Its incomplete resistance to moisture, or its hygioscopidty, is its only 
fault, and this can be overcome to a large extent by tanning the hack of the 
canvas vrith formaldehyde (see page 523). 

Circumstances sometimes make it necessary to roll finished joctures, but 
they should preferably never be rolled. When it is unavoidable, they should 
be rolled around a cylinder of as large a diameter as is convenient. Canvases 
should always b© rolled face out; the tension produced is less injurious than 
the compression caused by rolling them with the painted ad© inward; also 
when they are unrolled, the strains of tension are relieved and the danger of 
cracking diminished rather than intenafied, as would be the case had they 
been rolled face in. The practice of placing paper over the painted surface is 
generally not a good one; rt is likely to cause more damage by adhering 
tenaciously than the canvas causes by rubbing. Gesso or semi-gesso grounds 
on canvas will usually begin to crack immediately when rolled. 

A much belter way to preserve unstretched pictures, eepedally old ones, 
is to thumb-tack them face down to sheeU of wallboard, so they He flat. For 
shipping purposes they may then be covered with another piece of wall- 
board and tied securely with twine. 

Well-made modern linen canvases should give permanent service; the 
best firms have apparently profited by the experience of past generations of 
canvas makers, with the possible exception of their tendency to use linen that 
is too thin or light-weight. The disintegration of old canvases around the 
edges of the stretcher frame is common. Early nineteenth-century English 
and American pictures on commereiaJly prepared linen canvas are ^en 
found intact after more than a hundred years of storage under average 
circumstances, but a considerable proportion require relining or reinforce¬ 
ment at the edges from seventy-five to one hundred years after being 
painted, even though the face of the picture is intact, particiolarly when the 
canvas was primed after the stretching and the folds and mar^ns were not 
sized and protected by the priming. Few eighteenth^ntury oil paint¬ 
ings of value in collections have survived intact without being treated by 
restorers. 

The cloth is obviously the weakest point in the survival of a well-made 
picture; but previously mentioned advantages, including the important fact 
that defective paintinga on canvas can be repaired or conserved more satis¬ 
factorily than those on other supports, have caused linen to retain its petition 
as first choice as a support material ever since it came into general use. Of the 
painters who use oil grounds on panels, the majority do so l^ause they prefer 
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th« smc>oth, Wttureless surface rather than for any advanta^ resulting 
from the rigidity. 

Stretckerx, The universally used stretcher bars of the tongue-and-groore 
type, with mitred corners and bevelled sides, are made by automatic 
machinery and are superior to the older kinds. They are generally made of 
selected pine or ash, klln-diied. The ordinary dimensions of those carried in 
stock in artUu’ supply stores are: inches wide, about | inch thick, and from 
6 to dO inches long. Special lengths in fractions of an inch, as well as 
stretchers with the greatly desirable cro&sbars, can also be obtained on order. 

Much more rigid and durable stretchers are those inches wide, bevelled 
on one side only^ they are not kept in slock but are made to order. These 
heavy stretchers should be used on larg;e pictures and in the conservation of 
old or relined paintings of any size. If crossbars are ordered on these stretchers 
they will usually be keyable; those on the cominon>v7eight stock will not be, 
unless so spedfled. Stretchers are always made about ^ inch short to allow for 
if exact length is required of made^to-order strips, that fact should be 
speciHed. This is sometimes important when the painting must fit an old 
frame or when cenvasee are to be restretched. 

In France the dimensions of canvases and frames are standardized into 
57 numbered sizes, 19 each of three shapes caJled^gure,p<iyae^e, and matins. 
This system is advantag:eoixs in that a large selection of both canvasee and 
frames in conventionally pleasing shapes constitute slock items which con be 
ordered by number. A common notion is that the system has been arranged 
according to some mathematical law of proportion or symmetry, but more 
probably it was arranged by dealers and artiats to afford the greatest possible 
mimber of choices with a minimum of stock. 

Slrsiching Canvas. The usual method of stretching ready-made canvas is 
to line up the weave carefully parallel to the sides of the stretcher and tack the 
canvas at four places, once in the middle of each side, drawing it fairly light. 
The first tacks will require removal and replacing after the canvas has begun 
to be stretched to its full tautness ^ therefore they do not have to be driven in 
very deep. The use of drawing-pins for preliminary stretching or for canvases 
which are certain to be removed from the stretcher soon, sounds reasonable, 
but even when of the largest size they have an annoying habit of popping out 
under the tendon of the stretched canvas. Most painters use very small tacks, 
but their heads do not grip the canvas well after age has affected the picture} 
No. 6 is a good size for general use, but the size must be varied according to 
circumstances. At the comers, vehere three thicknesses of canvas have to be 
held, sometimes tacks as large as No. 14 may be employed. The surfaces of 
the heads of ordinary carpet tacks will usually rust wi^ age. This is not a 
matter of imponance, but it has prompted some painters to use copper tacks. 
These are not so good^ they do not hold well and they are so flexible that it is 
difficult to drive them correctly. Copper nails less than j to 1 inch long are 
not usually satisfactory for general purposes. 

After the first four tacks, eight more are driven in, one on either side of 
each of the ori^al ones, The canvas should be pulled as tight as possible 
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the fingers, regardless of any wrinkling in front of the fim foMr tacks 
All the tacks sho^Ild be spaced evenly, the distance between them depending 
on the sue and nature of the canvas and the experience of the printer 
Stretching is then continued in the same manner except that the stretching 
pliers are used and the next tacks are driven in completely. After a few more 
tacks have bean driven in on each side, each of the first twelve may be drawn 
and permanently repdaced with the rid of the stretching pUcrs- Stretch each 
aide as far as the point where the tongue-and-groove begins, then finally 
stretch the corners, being careful to place the lacks on the right-hand ends at 
the lower edges and on the left-hand ends at the upper edges (right and left 
when facing the rear of the canvas). The corners are finished by folding the 
canvas over the right-hand ends. This way: 



The aim should he to stretch the canvas suffirienily so that keys or 
wedges are not needed to produce the final smoothness, but they should be 
kept in reserve to tighten the painring should any subsequent slackening 
occur. When used, they should be driven in uniformly by counting the 
number of hammer blows. Stretchers which have crossbars shoirid have one 
key, not two, at each end of a crossbar, and each key should be driven into 
the side of the crossbar opposite from that into which the key at the other end 
is driven. If desired, the keys may be held in place by nailing small brads into 
the inner edges of the stretcher strips, parallel to and alongside of the end of 
each key. If a small hole is drilled through the comer of a key it may be tied 
with a loop of twine or wire to a tack or screw-eye driven into the stretcher, 
and thus be guarded from becoming lost should it fall out of its slot. 

Instead of trimming the canvas off at the back edge of the stretcher, some 
painters prefer, and under some drcumstances it is required, to leave a sur¬ 
plus inch or more all around so that the jncture can be resiretched. 1 find that 
a convenient way of retaining this surplus is to paste it down neatly on the 
back of the stretcher with rubber cement; this allows of its being picked up 
easily with the fingers when necessary. Comers of the sur^us linen may be 
trimmed away, and after the canvas is cemented down, its edges may be 
trimmed further by ruling with a razor blade. Rubber cement is not an 
approved material for use in connection with permanent techniques, 
especially on paper and with other delicate materials, but it is useful In such 
procedures as this. 
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ProUcfion ^ Canvases/rom the Rw. Eaatlake^* notes the eirtremely 
sound and careful set of precautions in the interest of durabilitj established 
by the craftsmen of early days and mentions the fact that protecUon of the 
hack of the canvas or panel was the an|;le safeguard completely overloohed by 
them. He does not consider the possihihty of their having had a dehnitely 
adverse option of this procedure. The most obvious method, application of a 
coat of paint or varnish, is not a good one for several reasons. 

hnneteenth^century canvases carefully painted on the back have been 
found in bad condition j this, however, is by no means certain proof that the 
procedure has no valuer we seldom know how or when the paint was applied 
or just what its composition was. An important objection is that unless the 
film applied is of almost mechanically uniform thickness, the variations in 
brush strokes wdll soon impart their effect to the surface of the picture in the 
form of lumps and depressions because of unequal tension on the threads of 
the linen. Another objection has been the interference of such coatings with 
future repairs to a damaged pdcture. 

Among some of the recommended methods for protec^g the back of a 
canvas are giving it a brush coat of red lead or white lead in oil, coating the 
linen with tin foil attached with gold-siie, impregnating the back with a 
solutionof tannin or formaldehyde to make the oze more resistant to moisture, 
and stretching the canvas double. 

An examination of large numbers of American paintings on canvases 
conimercially prepared from 1850 to 1870, and bearing the stencilled trade¬ 
marks of makers in various American and European cl^es, shows that, 
instead of the practice of selling prepared canvas in rolls, canvases were quite 
often coated after stretching, leaving the margin which is tacked to the 
stretcher frame uncoated. Almost all such canvases, even when the face of 
the picture is in excellent conditioc, become rotted around the edges, often 
to such an extent that the cloth may be rubbed to a powder between the 
fingers, and the intact face of the picture is sometimes found en^ely 
separated from the uncoated margin. When linen which is mounted on its 
final stretcher is being prepared, the sides and comers should be well im¬ 
pregnated with size end coated with paint. 

When a sheet of cardboard is tacked to the back of the stretcher or pdcture 
frame so that some circulation of air is possible but the canvas is well insu¬ 
lated, the protection is great. Changes of temperature and humidity will 
affect the canvas more slowly and to a lesser extent than they would without 
this device, and the covering can always be removed for periodic dusting. 
An air-Ught seal would be leas benefioal because canvases protected in this 
manner seem to rot and become brittle even more rapddly than exposed 
canvases. 

Examination of decayed canvases of great age, of early American canvases, 
and also of those of 1890—1910, which may be considered equivalent to those 
in current use, shows almost invariably that the portions of a canvas over 
the stretcher bars and crosspieces are in a better state of preservation than 
the rest of the picture; in the majority of cases, unless disintegration was due 
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to abnormal arcumstances, tha preswratlgn of these areas is perfect This 
has been obaerTed by Ostwald^ and others, and it sho^^^ the efficacy of an 
independent layer of material at the back of the canvas, even when the wo- 
tecnon is only partial. ^ 

Aoording to Sullya beeswax preparaUon was used to protect the backs 
of some early American canvases, but pictures so treated do not appear to have 
survived m any better condition than untreated canvases of the same period. 
Stretching the linen double is a procedure of some antiquity, but canvases 
stretched m this manner disintegrate as badly as any others. Possibly the 
pnnapal advantage of applying paint or other coating to the back of a canvas 
IS the additional rigidity impaned to the picture^ when a gesso ground i$ 
coated on the back of a piece of pepared dl canvas the gesso resists cracking 
to a greater extent than when applied to plain linen. ^ 

To sum up the methods of protecting canvases from the rear, in the order 
of their relative value; 

1. Spray or brush the back with a 4% solution of formaldehyde (see page 
5^) after the site has been applied and preferably before the priming coat is 
laid on. 

2. Attach a sheet of cardboard, wallboard, coated fabric, or heavy paper to 
the back of the framed picture in such a manner that the canvas is not 
hermetically sealed against all access of air but is well protected against 
accumulation of dust and dirt, direct draughts of air, and accidental 
pressure. 

5. Leave the picture entirely untreated. 

Of lesser or doubtful value: 

4. Stretch a double canvas. 

5. Seal the rear tightly so that all air is excluded as far as possible. 

6 . Coat the linen with wax or wax-resin mixture, metal leaf, or tin f^. 

7. Coat with oil paint, varnish, or lacquer. 

As to the selection of prepared canvas, Laurie** recommends that it be 
tested by working it vigorously between the hands to see whether the 
priming is firmly attached; also that the yellowing of any particular brand 
be tested by cutting a sample in two pieces and allowing them to age for 
three months, one in the daylight and one in the dark; the brand that 
yellows least should be chosen. Insuifident attention to the quality and condi¬ 
tion of prepared canvas is a common failing among painters, a nd inferior 
grades or pdeces upon which cracking or flaking of the ground has already 
occurred are often used, when a careful examination before accepting them 
would reveal their shortcomings and thus preclude rapid and early failures. 

Laurie also recommends that all canvas should be kept six months before 
use, in order to insure thorough drying of the oil; presiunably this means 
first stretching the canvas, then allowing it to age on the stretcher. Old, 
thoroughly dry canvas will sometimes crack when stretched, espedally the 
end of a roll where it has been tightly compressed. Any ground on doth can 

191 



GROUNDS FOR OIL AND TEMPERA 

he made to crack when folded, or bent sharply, tul the comparative strength 
of coatings and their degree of adhesion can be esumated by a vigorous 
folding. 

Wooden Panels 

The wood selected by the early luliana for their panels was mostly poplar^ 
that used by the Northern painters was oak. Eighteenth- and nineteenth- 
century Northern panels are usually mahogany. The Italian panels were 
generally very thick, the others much thinner. In England well-aged boards 
from old panelling or furniture were often used. Modem painters often seek 
such well-aged panels, and when they can be obtained, prefer them to new 
boards or plywood of recent manufacture. It is general knowledge among 
investigators and experienced craftsmen that well-made, properly designed 
panels composed of several pUes of wood cemented or glued together are much 
more resistant to warj^ and splitting than are solid, one-piece panels. All 
fine furniture or cabinet work is veneer or plywood. 

The best ready-made ordinary plywood universally available from the 
plywood dealers is five-ply birch, || inch lliicfc} it is constructed with a thick 
lumber core (usually poplar or gumwood) to each face of which two thin 
plies of birch have been glued, vnth their grain running in opposite direc¬ 
tions. Such panels are also made with maple, walnut, mahogany, and other 
fq cin gg, and in a number of fancy grainings, none of which have any parucu- 
Ur relation to the purpose^ but the face should be free from such blemishes 
as are undesirable. The outer ply should be, so far as the size permits, of one 
pieces the purpose for which it is to be employed should be mentioned to the 
dealer^ otherwise, a pdece with a joint that would make a very beautiful 
grain effect in furniture work, might be considered by him to be better than 
a pl sin panel whose face is one single sheet of wood. The special five-ply 
maple mentioned on page 534 is preferrred by some painters. 

Plywood is customarily sold as ‘good one side* or ‘good two sides*, the 
latter being more expensive, and unnecessary for our purposes- The ‘good* 
refers to unblemished surface effect. It is not recommended that any of this 
mateiial be cut with a hand saw, as the outer plies are liable to be loosened 
and broken away at the edge«j a tircular saw is better, because the teeth go 
in one direction ody; a band saw is still bener- Finer plywoods of similar 
weight and thickness can be secured at greater expense from spedalists who 
make them to order according to their judgment as to the best kind of wood 
and the most desirable thickness for each ply. This general type of panel, 
although heavy and cumbersome, is much more durable and satisfactory than 
the thinner three- and five-ply panels (approxiraaiely J inch thick) which are 
often used for paintings. 

The lumber core of correctly made plywood is composed of strips a few 
inches wide, sawn from planks and assorted so that they do not present a 
uniform, comimiously grained struciurej if the core were one plank or pieces 
assembled from the same plank, there would be more likelihood of concerted 
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warping spUtttog. For tha last fifty yaara or so tha outer plies or veneer, 
have for the most pan been made by soaking and steaming the logs and then 
putti^ th^ through a machine which peels the thin veneer from them with 
a knife blade m a rotary manner. Some veneers are made by slidng through 
a halved or quartered longitudinal section of the log. The usual fumimre 
veneer is made A inch thick, but for technical purposes thicker pUas are 
often made- Although the sliced and peeled veneers are dried and delivered 
in a flat condition, they tend to revert toward a curved shape when made wet 
^am. For this reason, some careful panel makers intist upon using plywood 
in which all the pli« have been made of sawn wood only. The fine expensive 
furniture veneers, especially those with rare grainings, are commonly cut or 
sliced because sawing wiU waste too much wood; more sawdust than veneer is 
produced. Panels for painting, however, do not require any rare or finely 
grained effects, and plywood made with sawn wood of commonplace grain 
is often obtainable at a fraction of the cost of such furniture panels. 

In the majority of instance* Presdwood is superior to wooden paneis, and 
I beUeve that under the average modern conditions it offeis the ben panel 
support available, at least for pictures of ordinary easel-paintiiig siie. lu 
properties are described more completely and compared with those of other 
wallboards in the following pages. Woods vary widely in their properties, but 
all of them are highly complex structures of cellular and laminated arrange¬ 
ment, subject to a number of defects and stresses which are absent fiwi the 
denser varieties of wallboard. 


Wallboard 

Wallboard of one kind or another has been in use for light construction 
work for about a hundred years. The types available on the market can be 
grouped into several classes. They are all sold at lumber yards. 

1. Laminated hoards, made mostly from paper waste and wood pulp. 
These are really heavy cardboard, and when cut or broken they may be seen 
to be constructed of papery material in layers. There are many trademarked 

brands on the market—Beaver Board, Upson Board, etc_all of approxi- 

maiely equal value. This material grows brittle very rajndly, and is alto¬ 
gether too fragile for use in any sort of support for durable painting, On 
account of its very low cost it is sometimes utilized for students’ dass work in 
oil painting; for thig use it is coated with a thin shellac size followed by a coat 
or tveo of flat wall paint. The easiest way to cut this material is to rule a line 
on both rides with a sharp knife and break it smartly over the edge of a table. 
When it is desired to split and separate the tv/o sides of a piece of such board, 
as when sketches have been made on both sides, this can be done with a large, 
pointed bread-knife, the edge of which has been made somewhat sharper and 
smoother than is usually customary. Compo-board is a rather outmoded 
material made of a thin sheet of light-weight splintery wood faced on either 
side with sheets of brownish-red cardboard. 

2, Cellular or porous boards, made in one homogeneous thickness. These 
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materifik are buU^ and loose in texture compared witK the other boardsj one 
of their functions is to serve as an insulating material in construction. They 
do not offer suffident reliance against average wear and tear to serve as 
supports for permanent painiingi furthermore, they are subject to much 
internal expansion and contraction, and they tend to become bntUe on ag^g. 
The most open-textured is Celot^ a familiar grey insulating board com¬ 
posed of cellulose fibres (from sugar cane) which have been rather loosely 
compressed and matted together by pressure alone. Celotex is said to contain 
no added binding material Although it presents an interesting rough texture 
for some types of painting, experience proves that its structure is not dense 
or ripd enough for disability; furthermore, the material tends to become 
discoloured and brittle with age. Its weh-like structure resembles that of a 
piece of paper viewed under the microscope. 

5. Cnmpaci boards. Another and most important group consists of boards 
which are sunilarlj pressed fibres into one homogeneous layer, but 
which are of such cloee, compact texture that they are satisfactory substitutes 
for wood, The varieties selected here as durable are believed to be per¬ 
manent; they have passed all tests except the one of actual time. They have 
not bean available long enough for us to have absolute confirmation of the 
results of tests, but because they are superior to wood in withstanding 
accelerated test conditions, we accept them as permanent. 

Presdwood.^ the most recommended board of this type, is a brown building 
board ^ inch thich, perfectly smooth on one side, criss-crossed as with the 
marlcs of a wire screen on the other. Made in Sweden and marketed by 
Messrs. Masonite of Loudon, it is sometimes marked Genuine Masonite 
Presdwood. 

This material contains no binder, but is made by exploding wood fibre 
under a steam pressure of 1000 pounds per square inch, and pressing the 
refined pulp with heat. The fibres interlock and form a permanent hard 
mass, evidently bound by natural lignins or other ingredients of the wood. * 
During the process the fibree are impregnated with a very small amount of 
siring compound made of paraffin, which imparts a waterproof quality to 
them; the finished boards are moisture-resistant to a high degree and will 
not warp readily. Large fdeces will, of course, curve and bend by their own 
weight if left standing on edge, but this does not occur when they ere pro¬ 
perly h'amed or braced, and it usually does not occur at all in the case of 
unframed pieces shorter than 24 inches. Presdwood is sold at timber yards 
and builders’ merchants in sheets 4 feet wide and in several lengths up to 12 
feet. Additional details of iu properties and uses will be encountered in the 
following pages where the appliation of grounds to panels is discussed. I 
have used this material since its introduction; along with many other 
painters, I have come to regard it as an entirely reliable material and, under 
the average conditions, superior to wood as a support for easel paintings. 

Other products of tbi* company which are not recommended for the 

* Boehm, EV. M., *Tba Masonite Process,’ IndustrtAi and Znginaering CfuTnUtry, 
Vol. 22, No. 5, May 1930, p. 495, 
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*ame but which may be used for ether purposes, according to the 

judgment of ^e user, are A, i, end A inch Pr^dwood, wHch are^e same 
mater^ m picker W, useful for small panels which are not intended to 
be cradled. They are rather unnecessarily heaTy and clumsy for most of the 
^er purposes mentioned in this bookj they have little advantage over the 
J when that is properly backed and framed. A thinner grade (A 

thick) IS also made. Masomie^ a loosely textured insulating board of 
the same brown colour, belongs in the second class of materials, as mentioned 
on page 195. Gesso panels made on this material are likely to crack because of 
Its mternal movement, and their edges will become battered and frayed 
during normal use, It has a loose-textured, cellular structure, and it exhibits 
all the faults of such materials when used as a support for painring grounds. 
This Masonite insukring board contains the same ingredients as Presdwood 
but does not receive the final pressure that welds the Presdwood fibres into 
such a compact mass. Ttmpe.red Presdiooodj sold in the same thicknesses as 
the regular Presdwood, is made in two colours, a brown darker than that of 
the regular, and a black. It is impregnated with an oil which makes it very 
tough and resistant to wear. It is to be avoided for use in gesso panels, as the 
permanence of adhesion with such an cdly base as well as the permanence of 
the oily material itself, is doubtful. Quartrboard is a variety intermediate 
between Presdwood and Masonite, and experience shows that it is not dense 
or durable enough to serve as a support for permanent painting. 

4. Other boards. Numerous other types of boards used in construction 
work are of less interest to the painter ^ gypsum or plaster boards are made of 
a layer of plaster faced with cardboard or paper layers, and rather heavy 
boards are made of asbestos fibre bound with cement and pressed for com¬ 
pactness- The usual mixture contains about 60% Portland cement. Asbestos 
boarda are painted with oil paint in industrial practice, but for permanent 
results they are too alkaline to be used for oil or tempera; however, they are 
suitable for casein and other mural purposes. 

The literature of the industrial wsillboard field is scant, and most of the 
infbrmarion we have on these products is supplied by the makers. The other 


competitive close-grained homogeneous materials are believed to be made 
with added oily, aqueous, or resinous binders, and although some of them 
may be equal in value to those mentioned here, I do not know of enough 
practical artists’ tests over a suffideirt period of time to recommend them- 
Cradling of Wallboord Paiuls. The cradling of panels by attaching 
wooden strips to their backs with strong adhesives, is designed to increase 
their strength, rigidity, and durability, to counteract their tendency to warp, 
curl, or spUt, and to rectify such defects in the case of old paintings- The 
term is perhaps more accurately applied to the specific criss-cross method of 
conserving wooden panels described on page 554, but it has recently come 
into general use in reference to any method of bracing panels by fastening 
wooden or metal strips at the rear. 

Panels made of Presdwood or similar material, which, unlike wood 
panels, neither split nor become pennanentlj warped, are ordinarily made 
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rigid by gluing the cradling on all around without any provision for loose 
strips. The xisual backing is wood of the same approdmaie site and quality 
as the heavy stretcher strips used for canvases; a rectangular frame with tv9o 
crcesbars, horizontal and veracal, is generally employed for the sizes up to 
^ X 50 inches. Larger sizes usually need more bracing; the cross-members of 
a very large support are often made as close as 12 inches apart, but the spacing 
may vary and is a matter for individual judgment. 

The use of regular canvas stretcher-strips with the bevelled edges planed 
down is a makeshift; much better panels are made if the frame or cradling is 
spedally constructed for the purpose- The comers should be mitred end the 
joints be dovetailed or dowelled by any of the regular methods- The ends of 
the crossbars should be mortised into the ados. Any good carpenter, amateur 
or profesaonal, can make such frames from selected, wrell-dried tober. 

After the cradling is completed the edges of the Presdwood, which 
usually are somewhat ragged from the sawing and subsequent handling, 
may be made neater by finishing thenx off with a coarse file, or rasp, and sand¬ 
paper- The ground is less likely to chip off at the edges if they are bevelled or 
rounded. Small Presdwood panels, up to 24 inches long, are sometimes coated 
with gesso on one or both sides and left uncradled, espe^lly for sketching 
and other temporary purposes; hut for the very best permanent painting this 
procedure is not to he recommended even for the smallest sizes. 

It is useless to attempt the cradliog of panels without employing strong 
cabinet-makers’ clamps or a press of some sort; the piling on of weights is a 
makeehifl and an unreliable method. Unless the panel is firmly clamped to 
the wooden, stripe so that they are in contact at all points and the glue is 
under pressure during the time it is setting, bad warping, separation of the 
panel from the cradli^ or some movement which cracks the ground, usually 
occurs. The best and most convenient adhesive is the prepared casein 
cement described on page 27d. 

The use of and screws is a doubtful expedient. They may be utilized 
in repairs, or to reinforce sus^dously weak spots, but their general tendency 
(according to my experience with defecUve panels of my own, with those 
made by pupils, and with commercially made products) is to ^ve way or pull 
out erratically, thus subjecting the panel to a twisUng warp, with disastrous 
results to the ground. It is a simple matter to countersink the screw and nail 
heads and fill the spots £ush with the surface with a plastic material; but it is 
almost an impossibility to keep these spots permanently invi^ble. Iron and 
steel will rust, and copper and brass will corrode by electrochemical action, 
thus discolouring the gesso, and it is extremely difficult to prevent this by any 
means. The plugs will shrink, swell, crsick, or fall out—at any rate they 
remain weak spots. The greatest danger from the use of nails and screws, 
however, is the unequal tension produced on various parts of the painting. 

Pictures on wooden or wallboard panels should be well braced and sup¬ 
ported by their frames in order to resist warpng, but no panel should be so 
tightly held by a jdcture frame that expansion will produce buckling. See 
FramiTi^ Pictur€s. 
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Gesso Grounds 

After the selection and preparation of a support for the panel, the na« 
operation w to coal the panel with seyeral layers of a white gesso. Gesso is a 
plastic or liquid material applied as a coating to surfaces m order to gire them 
the correct properties for receiying painting, ^ding, or other decoration. 

It is made by mixing an inert white pigment such as chalk, whiting, 
or slaked plaster of Paris, with an aqueous binder such as solution of 
glue, gelatin, or casein {see page 462). Gesso may also be built up, moulded 
or modelled into relief desigtis, or carred. Apart from its use in preparing 
flat surfaces or grounds for painting, it is employed in the decoration of 
picture frames and furniture, and to a lesser extent as a medium for 
modelling- When finall y dry, its surface is normally sandpapered to a 
smooth, irory-like finish. 

Although gesso is sometimes applied to ceuTas, especially to the back of 
prepared oil canvases by some painters, Hs lack of fleziUlity makes the 
survival of such grounds extremely doubtful. When the geeao is carefully 
applied in two thin coats, the first one scraped down wet as in the preparation 
of an oil canvas, it will adhere well and seem to be quite stable but will often 
develop a fine, all-over crackle within a comparatively short time. 

Ancient paintings on gesso grounds over canvas supports are usually 
covered with a dense, all-over pattern of fine crackle^ provided that pieces 
have not become loosened or flaked oif, is seldom considered a bad defect 
but is accepted as the normal effect of age. Such crackle on a recently painted 
picture, however, is entirely undetirable, and the use of geaso or some of the 
absorbent semi-gesso or emultion grounds on canvas entails this risk; it is not 
unusual for aqueous grounds on canvas to show signs of crackle soon after 
completion and to exhibit serious cracking within a comparatively short time 
after the painting has been completed. Rigid panels are the best support for 
gesso grounds. 

As any artist who has become adept by the repeated preparation of gesso 
ground knows, the unerring production of perfect gesso surfaces requires . 
careful workmanship and a painstaking attention to detail. Because of the 
narrow limits of the required properties, redpes for gesso are rather delicately 
balanced, and for this reason complete instructions for its mixiDg and applica¬ 
tion seem complex, although gesso itself is simple both in principle and in 
substance. The common variations encountered in different samples of glues 
and casein (because of differences in age, atmospheric conditions, and sources) 
as well as variations in the properties of the pigment used, are not infi^uently 
sufficient to throw published recipes off balance and make the coats prepared 
according to them too hard or too soft and the liquid too heavy or too thin. 
The experienced worker is careful to observe such variations, especially when 
changing his source of supplies, and will regtilate hardness and brusbing 
quality in his mixtures, and he will apply simple tests or trials to his materials 
as he goes along.^ , 
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Defects of Gesso Pamels 

Pinbolos are caused hy minute air bubbles which appear while the gesso 
is drying. They luually derelop in the first coat{ once started, they persist 
diroughout subsequent coats. Tempera or oil colours applied over a surface 
pitted mth pinholes will magnify their effect rather than conceal them. One 
of the reasons for the derelopment of pinholes in an otherwise well-made 
gesso panel is the way in which the first coat is applied—often the gesso has 
not wet the support thoroughly because of dust, temperature variations, or 
high surface tension in the gesso mixture. Careful application of the first coat, 
as described in the following methods of procedure, will ordinarily eliminate 
this defect. Pinholes may often be the result of or may accompany other 
defects cause by application in cold or damp rooms, as mentioned later. 

Pinholes develop if the glue solution is too dilute, and may some- 
rimes also develop if it is too concentratad. Undue beating or wliipping just 
prior to use will obviously cause air bubbles or foaming, especially in hot glue 
geese. The surface tension of the gesso may be rsducsd and the formation of 
pinholes made lass likely by the addition of alcohol, but this is by no means a 
safe procedure when the gesso is to be used on panels, as it may lead to other 
defects; it is recommended by some craftsmen for picture-frame gesso, 
especially in cold weather, but is not generally approved for panels used in 
permanent painting. Alcohol should never be added to casein geseo. The 
addition of oxgall to subsequent coats will often eliminate or minimize 
pin-holes which heve started in the ^rst coat{ this is apparently a safer 
method. 

Any cracking, pealing, or blistering of the gsiao will generally occur as 
soon as the coating is thoroughly dry; one of the generally accepted state¬ 
ments on the advantages of correctly made gesso panels (and tempera paint¬ 
ings as well) is to the effect that if the thorcugUy dried coaUng shows so 
evidences of the development of these defects within two weeks, it is a pretty 
safe coQcluMon that such defects will not occur. However, it may be added 
that should any slight evidences of cracking be discerned it is prectically 
certain that these will eventually develop into complete cracks. 

Cracking and peeling away of the gesso is commonly caused by too con¬ 
centrated a glue solurion, by too much variation in the strength or com¬ 
position of the several layers (especially by strong gesso over weak), or by 
highly unfavourable atmospheric condirions. Although this last cause is a 
frequent one, I do not recollect seeing it mentioned in published accounts. 
It has been shovm by experience and experiment and research that those oil 
films which have the most rapid and uniform rate of drying are the most 
durable, the toughest, and the least likely to cracky it is in this respect that 
linseed oil is superior to poppy and other drying oils. The same rule seems to 
govern the dryhig of gesso. In poorly heated places in the vrinter, and in cool, 
exceptionally damp places such as basements, rooms with freshly plastered 
walls, etc-, where di^ng is greatly retarded, I have seen examples of com¬ 
pletely ruinous cracking of gesso panels which had been otherwise well made 
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by experienced practitioners who had no euch failures when their panels were 
made in reasonably dry and normally warm surrounding. 

When the ^ue solution is too dilute it will produce a weak, soft ge«o, as 
undesirable as the over-hard surface produced by too concentrated a glue 
solution, but such a surface will not ordinarily crack} however, if the solu¬ 
tion has been very greatly over-diluted, a mottled crackle will appear, usually 
not in the form of open fisattrea. 

As in the application of any ground or paint coating, there must obviously 
be a good bond between the coating and the surface to be coated} the support 
must be sufficiently coarse-iextured or absorbent to afford an adequate key 
for mechanical bonding of the gesso, and it must be free from eh traces of oil 
or grease. The cracking and separation of gesso due to lack of proper qualities 
in the support is easily identified by a dean parting of the ground layer from 
the support. 

Cracking after coatings have been applied to the finished gesso surface is 
sometimes attributable to the use of too concentrated a glue, casein, or varnish 
sire, which has penetrated the gesso and upon drying has contracted with 
enough power to crack the gesso and cause it to separare from the support. 
This is more likely to occur when the binder used in the gesso is too far out¬ 
side the limits of correct practice (too dilute or too concentrated), or when 
adhesion to the support is insufficient. It seems to occur more frequently with 
casein glues than with hide or skin glues, and ailer such panels have been 
subjected to their first appreciable cUmatic change. 


Preparation of Gesso 

77ic IngreduTiu^ The best record of the early European methods of mak¬ 
ing gesso is contained in the treatise of Cennmo Cennini,^ which describes the 
making of a glue from parchment scraps, and its combination with an inert 
white pigment} the latter was made by thoroughly slaking plaster of Paris in 
water until its cementing or setring properties (definitely undesirable in tbia 
case) had disappeared, the resulting product being an inert white powder 
(see page 524). 

Today the best glues are sold tinder the names of rabbit-skin and calf-skin 
glues, Glues are made from the skins and bones of animals; skin or hide glues 
are very much more suitable than bone glues for our purposes, the optimum 
being a glue which will set to the strongest jelly, for with this Wnd the 
amount of organic material in the gesso is kept to a minimum. 

The highest grade gelatin made from the skins, hoo^, end bones of calves 
is a pure, comparatively uniform produa which has been much used in 
gesso, espeoahy in preparing foundations for ^ded plaure frames and for 
furniture. Edible gelatin such as the powdered material sold in grocery 
stores has a yellow colour and is comparatively weak in jelly strength. The 
kind which is made for laboratory and technical use Is obtainable in very 
pure water-white grades mostly imported from France and Belgium. 

The ingredients of gelatin are not present in the same proportions as they 
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are in glue, and gelatin is usually considered by experts second choice to high- 
grade skin glues for gesso panels, although it is most useful for gilders’ work 
and for making the weak sites used as isolating layers in tempera painting. 
This is one of the many instances we find in the study of painting materials 
where correct balance of ptoperUes is the requirement, and where over¬ 
emphasis on one property entails a sacrifice of an equally important quality, 

Glue and gelatin are hygroscopic and are extremely variable products. 
Because of thrir variability, especially in connecUon with the wide range of 
mart materials, supports, methods of application, and atmospheric and other 
conditions which accompany their use, it is quite impossible to quote precise 
formulas which will g^ve universally successful results. Whatever figures and 
amounts are given here should therefore be used with intelligent allowances 
for small variations. 

Partly for these reasons, and partly to avoid repeution elsewhere, the 
following instructions have been made rather complete and detailed. A few 
further remarks on glue and gelatin will be found on page 522 and under 
Sources of Mattriah. 

Procedure. Place 2^ ounces of rebbit-skio glue in a glue pot, con, or 
enamelled saucepan, with a quart of cold water. If the French variety is used, 
the sheets must first be broken into small pieces^ a cloth wrapped around it 
will prevent its flying about. A few extra pieces of glue should be soaked 
separately in another vessel io order to have them available for addition to 
the batch in case they should subsequently be required. After the glue has 
soaked overnight, it will be found to have absorbed water and to have 
swollen to about three times its dry volume^ in the case of the French variety 
its colour will be an opaque greenish-grey. If the pot is too shallow, some 
parts of the glue pieces may not be covered with watery if it is too narrow the 
glue may be confined so that some of the ineces adhere to each otlier in such 
a way as to prevent parts of them from becoming thoroughly swollen. In 
these cases, such pieces will be readily recognized by their yellowish-brown 
colour and thin, hard, or tough rubbery consistency as compared with the 
softened grayish appearance of the bulk of the glue. These pseces should never 
be ttsed in this condition, but must be separated from each other, immersed 
in the water, and allowed to continue soaking until they have swollen 
thoroughly. When other brands or grades of sVin or bide glue are used, the 
colour may vary, but the same precautions mua be taken and the same in¬ 
spection of the swollen glue made before continuing the procedure. The 
rabbit-skin gjue referred to under Sources of Materials is of approximately 
the same strength as the French variety, and may be used in the same pro- 
pordons; the best calf-skin glues have a higher jelly strength and a lesser 
amount can be used, as determined by making a comparative test. 

MeliW 4 Glue. The pot containing the glue and water is then heated until 
the glue is dissolved. Glue must never boil, especially for use in such an 
accurately balanced compositioii as gesso} the colour darkens and the strength 
is immediately altered in an erratic way. To insure against this, a glue pot or 
vrater bath (double boiler) may be used, although direct heating on an 
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electric hot plate or gas stoTe covered hj a metal sheet is perfectly suitable, 
provided that the glue is carefully watched and occaaonaUy stirred so that it 
does not stick to the pot and so that oo boiling takes places This latter method 
is employed by persons who melt an occasional batch of glue; electric glue 
pots are used in shops and by those who employ glue conUnually. Possibly 
further accuracy in the proportions of water i^rid glua may be won by soaking 
ounces of glue in 26 fluid ounces of water, melting it, pouring it into a 
quart measure, and making the volume up to a quart by ad^ng hw water— 
thus eliminating error'due to evaporation of water during soaking. 

The traditional method of testing the strength of the glue at this point 
is to allow it to cool to normal room temperature in the pot, when it should 
assume the form of a firm hut not tough jelly. Downward pressure is applied 
to the jelly with the thumb and foreflnger, spraading them at the same time 
so that the jelly is "broken apart, By the feel of the strength of the jelly, its 
degree of resistance to fracture, and most of all by the nature of the fissure 
produced, one can tell very accurately the strength of the glue; small vari¬ 
ations in strength change the consistency of the jelly considerably- 

Although this empirical method of testing seems to he one which must be 
learned by direct instruction, it is so definite that it can be employed to con- 
riderable advantage by those who learn it independently. If such a test is made 
and the behaviour of the resulting gesso remembered and compared with 
that of subsequent batches for which the glue has likewise been tested, the 
experimenter will soon learn the best glue consistency for a gesso of the 
properues most desirable for his own purposes and preferences. 

The testing of glue solutions is by no means a completely standardized 
procedure even in the chemical laboratories of glue and gelatin manu¬ 
facturers, and each one has his own methods and system of measuremenu, 
expressing his results by a variety of numerical designations. A finger test 
similar to that described above is still in general use end con^dered to be 
the most satisfactory. The laboratory worker presses the surfaces of the 
samples of glue jelly with the fourth finger of his left hand (which is sufH 
posed to he most seoritive) and grades the glue according to his experience 
and judgment. 

One method of controlling the strength of glues with simple and inex- 
penave apparatus is by the use of a hydrometer (see page 426); one made 
especially for the purpose is sold by laboratory supply houses. This glue 
hj^rometer or ‘glueometer’ is graduated from 1 to 12® Baumd and calibrated 
for use at 150® F. It requires a g^ass cylinder of about 250 ml. capacity and a 
thermometer. The glue solution is poured into the cylinder at 150* F, and 
the hydrometer carefully immersed in it, the reading simply noted, The 
jolly strength, however, is more significant than the viscosity. 

If the solution is found to be too dilute, melt into it some of the extra 
^eces of soaked glue; if it is too concentrated, add hot water. A quick check¬ 
up be made by mixing a little of the glue solution with chalk or whiting 
and brushing it out on a scrap of wood or Presdwood; its drying may be 
hastened by warmitig if desired. After this, a few rubs with No. 2/0 sandpaper 
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will indicate the hardness or sofineas of the gesso. If the aeodpeper Hlk up too 
rapldlj and takes down the gesso too easily, the gesso is too eoftj if the sand< 
paper works with too much di^iculty, the geeso is too hard. 

The glue solution of correa strength is then heated as hot as possible 
without boiling, and poured gradually into a pot or can containing the chalk 
or whiting. The raiwure is surred constantly dunng the pouring to produce 
a smooth paste. Further smoothness is attained by straining the mi^cture 
through a fine sieTe or through cheesecloth (which may he squeesed), thus 
breaking up agglomerations of perdclea and removing coarse impurities. The 
hot gesso should be about the consdstancy of the top cream on a bottle of milk. 
The amount of pigment will vary according to the materials used. 

Th6 PigmtJM. The pigment used in geeso by Cennini was slaked plaster of 
Paris, but whiting and chalk have largely replaced this material, as noted on 
page ^24. The technical advantages of whiting over gypsum are greater 
b>H^ng power or opacity, fineness and uniformity of grain, insolubility in 
water, and greater bulking power, whiting being noted and valued for its 
bulk in all paint uses. Preci|Qtated chalk is an artificial whiting, cleaner, 
purer, more uniform, and usually whiter; it produces a gasso of a finer grain, 
but of the same type of texture, and is therefore preferred by many gesso- 
makers. Further remarks on these materials will be found elsewhere in this 
book under their own headings. 

There seem to be no chemical or structural objections to the use of highest 
quality silica, barytes, blanc fixe, or magnesium carbonate as added ingradi- 
ents, if they ars found desirable, but the texture produced by the use of 
whiting or precipitated chalk is the standard. 

Talc (Flinch chalk), mica, and asbestine are of doubtful stability in gesso 
and best avoided. 

The opaque cr heavy white pigments which have greater hiding power 
than chalk or the other inert pigments such as rinc oxide, lithopone, and 
titanium oxide, did not exist in the early days of the development of tempera 
painting, and for the most pan they are not necessary; indeed, any conrider* 
able amount added to the gesso formulas will result in a product differing in 
texture and structural strength from that made with whiling. However, a 
small addition of opaque pigment—for example, the replecomeni of 1 to 10% 
of the whiting with pure fiianium or zinc oxide—is an improvement, as the 
hiding power of the gesso is greatly increased, and such impurities as black 
specks or particles of dirt, wood splinters, etc,, are thereby more completely 
masked. 

Chalk, whitiag, slaked plaster of Paris, and some other inert pigments 
will mix with aqueous binders to make uniformly dispersed mixtures of the 
proper structural charactaristics without the mulling or grinding required 
in the case of oil grounds. The heavier opaque pigments by themselves do cot 
work so well into aqueous solufions, but they can be used if they are mixed 
with enough chalk. 

Casein Gesso. Many painters prefer casein to glue for use as a binder in 
the preparation of gesso panels. Its principal advantage is that it is applied at 
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normal room temperature, thus doing away with one of the troublesome 
factors in the control of successful coatings of glue gesso. Casein gesso may 
therefore be applied to panele by spraying through a pressure spray-gun, a 
procedure which is practical when very Urge surfaces are to be coated or when 
continual production is required. For this purpose a large amount of water is 
added to tlie formuUj the panels must lie flat and level, and the gun should 
be of sufficient power to handle the material adequately, delivering a fan¬ 
shaped spray at a continuous, uniform rate. 

When casein gesso is brushed out, its consistency should be about the 
same as that recommended for glue gesso, although thinner consistencies may 
safely be used if desired- Brushing manipuleiions are somewhat easier with 
casein gesso, as the brush stroking, especially on the later coats, may be con¬ 
tinued for a longer time before the materiel begins to set. Otherwise, the 
instructions given for brushing out the glue gesso apply here. 

Casein has much in common with glue: its lock of deflnite formula, its 
non-uniformity, the lack of well-established chemical knowledge concerning 
It, and the lack of satisfactory methods of testing ii^ but ia each of these reipecu 
it is somewhat of an improvement over glue. It is described on page 275. 

Although casein is a thoroughly accepted and approved material and has 
been used in some form since the earliest days, and although there are no 
objections to its use from the viewpoint of chemistry, some painters rank 
casein gesso second to glue gesso in quality. This is true especially of those 
artists who are sticklers for perfection down to the lest degree. They maintain 
that the quility of the surface of casein gesso, the behaviour of the tempers 
on it during painting, and its response to painting manipulations are some¬ 
what inferior to the corresponding features of glue gesso. 

Casein is more amenable to exact formulation then is glue, and recipes 
for its use in gesso grounds are flgured on a basis of percenuges of casein and 
pigment, allowing the amount of water to vary as necessary to produce the 
desired consistency—a much more satisfactory method than that employed in 
the glue gesso formulas. About an ounce of casein is required to bind a pound 
of precipitated chalk. 

The casein is dissolved as described under CoMin Soluiionsy where refer¬ 
ence is made to its use in gesso. The most easily and quickly made gesso of all 
is the one made with the soluwn described under Soluhis Cauin on page 276. 


syXpP LI CATION OF GbSSO 

The ori^nel Italian gesso as described by Cennini’ and subsequent writers 
was made in two diflerent textures: guso grosso, coarse geaso, and gesso 
sottUe, flne or finishing gesso. The gesso sottiU was applied in thin coats over 
a heavy coat of gesso grosso which had been allowed to become thoroughly 
hard (the gesso grosso was regular unslaked plaster of Paris mixed with a 
solution of parchment glue)} this was in accord with the sound and logical 
rule of gradation of layers as referred to in the discussion of plastering under 
Fresco Painiing. 
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This procedure is generally considered by modem painters to be an un¬ 
necessary refinemeai; indeed, Cennini's treatise is usually interpreted to 
mean that the genQ ^rowo was used only on heavy, ornate, and elaborately 
carved atnicruras where greater strength was required, and that for Mmple, 
flat panels the gtsioiotiiiA was used alone. 

Cennini and other early writers have occasionally recommended that 
strips of linen be glued to wood panels before the gtsso grosso is applied, 
More modern painters have covered panels completely with a sheet of mushn, 
fastening the muslin by soaking it in glue, applying glue Jiberoliy to the 
panel, and stretching the wet doth over the wood, tacking it to the edges of 
the panel while it is drying, The main object of this is to isolate the gesso from 
the wood so that if cracks develop in the wood they will not affect the gesso. 
The result does not seem to be worth the effort j very minor heir-cracks de¬ 
veloping in the grain of the wood often transmit themselves through to the 
geieo deipdte such precautions, If one wishes to use cloth, an open-weave 
linen carefully altered to the penal with strong glue is better. Cloth, how¬ 
ever, adds an additional element to the anatomy of the picture with additional 
risb of such defects as blistering, etc. The number of points at which failure 
may occur is increased, and the additional layer of variable flexibility some¬ 
times causes trouble on short ageing. 

Before gesso Is spplied to wood panels, the surface is given a good coat of 
glue or casein size and, if necessary, lightly sandpapered Hrst to remove wood 
Bbres or fuzz, When Presdwood ii used, some painters apply geaeo grounds to 
Its rough side because it seemi to offer a better key than the smooth, rather 
waur-repellenc lidfl} but the smooth side really offers a more satisfactory 
foundation, and is the better side to xaee. The rough side Is somewhat wavy 
and unsuited to the production of a level finish^ for such a finish, additional 
coats of gesso and additional labour are required. If irregularitias of finish 
are desired, they are easy enough to obtain without resorting to the rather 
mechanical effect of the board. The criss-cross marks are not very succaseful 
as an imitation of canvas weave. There is, however, no objection from a purely 
technical viewpoint to the use of the rough side of Presdwood if its visu^ 
effect is desirable. The smooth surface requires a little treatment to insure a 
proper bond between It and the ground, either for gesso or for an oil ground. 
It may be scrubbed well with any of the volatile solvents or mixtures of 
solvents, including ammonia; an sfBdent mixture is two parts of denatured 
alcohol and one part of ammonia water. After this has evaporated completely, 
the repellent surface will be found to be receptive to a ground coat. If the 
result is doubtful and one wishes to be thoroughly certain, the board can be 
made very absorbent by sandpapering it completely. The makers’ explana¬ 
tion of the non- absorbency of the surface is that their processing brings a very 
thin coating of the natural resins or lignin of the wood to the surface. The 
adhesion of gesw to any such surface may be tested by coating a small juece 
and after the coating has set, attempting to break or chip it off. If it comes 
away from the support completely and cleanly there is insuffident adhesion ^ 
if it takes traces of the fibres of the support with it, it is satisfactory. The 
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brownish colour of the wood fibre remored by $crubbm|; the surface with 
aoWents has led some painters to fear that this colour might work its way or 
bleed into the ground, but this neyer occurs; the brown colouration is actually 
in the form of fine particles and is insoluble. 

If gesso is applied in equal coats to both the front and back of a small 
Presdwood panel there will be little chance of the panel’s warping or twisting 
beca\i5e of unequal tension. Some painters hare prepared panels in this way, 
especially in the smaller uzes, and left them unbacked by wooden frames, 
sometimes protecung the edges with thin chromi\ini or copper channel strips. 
The ultimate permanence of such panels is doubtful. 

If hide glue has been used in the preparation of the gesso, the mixture 
must be kept hot throughout the application, but as preyiously mentioned, it 
should never be allowed to come to a boil. Continued heating for many hours 
will naturally cause some evaporation, and a little water may have to be 
added occasionally, according to the experience and judgment of the user. 
Casein gesso has an advantage in this respect, as it is applied at normal room 
temperature. Both kinds must be stirred continually so that the chalk will 
cot settle to the bottom. The brushing conustency should be that of a smooth, 
Min cream. 

The first coat is scrubbed into the surface of the support, preferably with 
a stiff bimsh; a nail brush, a rag, or the fingers may be used. The aim is to 
produce a uniform, fairly smooth coating free from air bubbles- Each sub¬ 
sequent coat is apj^ed as soon as the surface has become suifidently dry to 
withstand its application and not be jacked up by the fricdon of the brush. 
The first coat will dry in a few minutes, but each succeeding coal will require 
a longer time—toward the end, a half-hour or even an hour. It is therefore 
best to start early in the day (a half-dozen or so panels of average siae can be 
prepared at the same time); allowing the work to run over into the next day 
is by no means forbidden, but one is more likely to secure uniformity of 
layers if the work can be completed in one day. 

The second coat is applied in even brush strokes parallel with and begin¬ 
ning along one edge of the panel; the gesso may first he applied and evenly 
distributed with a few short back-and-forth strokes, but all the levelling or 
smoothing strokes of the brush must be made in one direction only. As soon 
as the gesso stops flowing and begins to set or the brush beg^ to drag, stop 
the stroking and apply fresh gesso over the next area. The third coal must be 
applied in strokes at right angles to those of the second coat, parallel to the 
other edges of the panel; the foiuih coat, at right angles to the third, and so 
on. There is no rule as to the number of coats; usually, the fewer the better, 
but enough thickness must he built up so that all the brush marks on the 
final surface may be sandpapered down, still leaving enough coating to cover 
the support with an even, opaque layer of gesso- Four, five, or six brush coats 
are usually necessary; an expert, experienced worker can sometimes get good 
results with as few as three. 

A wide, flat varnishing brush is most convenient to use, and one that is 
thin seems to be more serviceable than one with a full thickness of bristles 
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it will deposit less gesso at tbe ed^ of the strokes and so produce fewer 
beSTy laps. A r$g:ular artists* flat bristle brush, if a mde enough one can be 
obtained, gives good results. A high-quality, wide calcimine or whitewash 
brush with long bristles is favoured by some workers, eepedally to cover 
large surfaces with casein gesso, which may be diluted to a somewhat thinner 
cooristency than glue gesso. For applying casein gesso with a spray-gun, a 
powerful preosure-type gun is required, but the first coat is best rubbed in 
with a rag or the finger tips. 

Finishing of Gesso Panels- After the lest coat of gesso has become thor¬ 
oughly dry, the panel is Hnally brought to a perfectly smooth finish with fine 
sandpaper, several varieties of which may be used for the purpose. $ome of 
the more common grades act slowly on gesso of the correct hardness; the 
most satisfactory one Is 4/0 garnet paper (cabinet g^'ade). If desired, the sur¬ 
face can be gone over with a still finer grain of garnet paper, such as 6/0, The 
variety called cabinet paper has a dense grain; the other variety, finishing 
paper, has a sparse distribution of abrasive oo the paper and is less useful for 
general work. Garnet seems to be the best abrasive for use on wood, gesso, 
faster, etc., and when it is employed irx fine grains for a smooth effect it 
appears to have a more powerful cutting action than any other abrasive, in¬ 
cluding the artificial ones. A small block may be used to hold the paper to a 
level surface, but most peinters simply hold it with the fingers; the slight 
irregularity of surface thereby obtained has been traditionally preferred. 
When a number of panels are made at one time, to be kept for future use, the 
final sanding may, if desired, be postponed until the panel is to be used. 
Artificially textured gesso such as is produced by stippling the last coat witli a 
stiff brush, by imprinting a doth weave on the nearly dried surface, or by 
spanering with a ipray-gun, may also be sandpapared in the same manner as 
smooth gesso; the result will be a surface smooth enough for ease in painting, 
yet with the textural effect retained. 

Brush strokes and other irregularities may also be taken down or mini- 
miied by rubbing with a wet cloth. Use a pad of well-weehed, soft old cotton 
sheeting, thoroughly wrung out in water, and folded smoothly; apply with a 
firm but not too heavy pressure in a small circular rubbing morion. Hare the 
cloth uniformly damp, and keep it moving along continually; too much 
scrubbing in one spot may take off too much gesso and go through to the 
support. The water is supposed to dissolve a suHace layer and spread it out, 
not to dig too deeply into the geeso. When the gesso dries, it will usually be 
found to have become much harder, more resistant to sandpaper, and some¬ 
times lees absorbent, the glue or casein having apparently become more con¬ 
centrated on the surface. This procedure is effective when employed to reduce 
minor irregularities, but its safe use requires a little pracrice. 

If finely powdered pumice is used in this operation, the gesso will be 
ground down more rapidly and part of the pumice will be embedded in the 
surface, imparting to it some degree of tooth. If a pdece of lump pumice or a 
pumice block with a smooth, flat surface is used instead of the doth, however, 
a smooth, ivory-like polish will be produced. This type of finish is liked by 
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some painters; if it is painted upoo tWnly with cdl or tempera and the paint, 
when dry, is polished by rubbing with cotton, « rery lacquer-liie finiah 
may be obtained. 

Some authorities recommend painting not only the but the edges of 
eU wooden picture panels with a protective of paint or vacnish in 

order to exclude moisture and thereby mmimj y the posubility of warping 
and other defects; others contend that the two edges that go across the grain 
should be left unpainted in order to permit eccefe of air as a precaution against 
dry rot. AU unframed panels should be stored lying flat, mpedally th^ of 
large size. 

Both glue and casein panels may be made more resistant to the action of 
water by staying them with a 4% solution of formaldehyde, as described on 
page SB3. This treatment also has a definite or toughening action on 

the coatings. Although the effect is to increase moisture resistance to a certain 
degree, it must be remembered that the surface never becomes water-proof 
in the same sense that an oil or varnish coaring is water-proof, and that al¬ 
though its resistance may be suffident for the purpose intanda^ it atill may 
be disturbed or destroyed by ioteotionel or eccadenui epplicetion of water. It 
ii uncertain how deeply below the surface glue or casein is effected by the 
formaldehyde treatment, eipedally in the case of thick coatings, and there¬ 
fore all smoothing or polishing operatiODS should be finished before applying 
it. In tempera painting, the standard or usual procedure ii to apply the 
tempera paints directly on the untreated, ebeorbent geseo. 

Smooth gesso panels make an excellent background for tome kinds of 
photography because of th^ grainleaa surfaces. They cannot be tinted for 
this purpose by adding ^gmenu to the white gesso; coloured panels for tex¬ 
tureless backgrounds must be made from one ^gment and not a mixture of 
^gments. 

Ready-made gesso mixtures in dry powder or paste form have appeared 
on the market from time to time, hut their limited sale has never indicated 
any great demand on the part of artists for such products. There is no techni¬ 
cal reason why a prepared gesso mixture could not be soundly made from 
well-selected ingredients. 


£mulsio(4 Grounds 

If a glue gesso is made with half chalk and half zinc oxide and emulsified 
by pouring into it (with constant stirring and baadng) linseed to the 
amount of to 50% of its volume, the resulting ground will have properties 
midway between those of a g ess o and those of an oil ground. EmuMon 
groimds do not have quite the complete absorbent or the brilliant, per¬ 
manent whiteness of gesso grounds, but they are considerably less brittle, 
especially when new. Although they are not so flexible as straight oil grounds, 
they can be applied to canvas, particulariy to Linen which has been sized and 
stretched on Its permanent stretcher. Application to linen must be made vrith 
some cere; it should be remembered that even the average ml-primed canvas 
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is none tc»o flexible and will withstand little enou|;h bending, rolling, and 
pulling) an emulsiou ground on linen must receire even greater care. It is 
mj opinion that the supenority of an emul^n ground over a true gesso 
ground in this respect is due merely to the fact that the softer, more spongy 
or crumbly coating will withstand rolling and flexion a little belter than will 
the more rigid, brittle gesso coating. After some ageing, a picture painted on 
an emul$ion*priined canvas is apt to become equally brittle. 

It should be remembered that flexibility and brittleness are not the only 
two terms of description for the degree of elasticity in a coating. A film may 
have a crumbly or spongy quality, appear much more flexible than a harder 
film, and yet upon being put into use may display the defects of a brittle 
coaringto a considerable degree. 

Some modern painters prefer emulsion grounds for the manner in which 
they respond to their personal techniques end for the e^cts that can be pro¬ 
duced on them, but others feel that from the viewpoint of precise, careful 
attention to the rules of permanent painting, they are lees durable, and that 
gesso should be used on panels and oil grounds on canvas. Emulsion grounds 
are, in practice, as susceptible to pormearion by nunsture as are gesso grounds, 
and they ere extremely sensitive to the action of atmospheric moisture or of 
any liqv^ on the rear of a canvas. 

If more opadty is desired, titanium white or Uthopone mey be substituted 
for the ainci for adequate disperaioa without its being ground in the oil, eny 
pigment must always be worked smoothly into the glue solution before the 
oil is added, ea explained on page 202. Casein should never be used in oil 
mixtures; the resultlnggroundsyellow badly and have a tendency to become 
quite brittle or crumbly with age. 

Emulsion grounds have been favoured by mural painters for painting in 
tempore, in mixed oil and resin techniques, end in other combinations which 
are departures troxo the straight oil method. 

When exp^y made, such grounds will usuelly withstand a normal 
rolling over a cylinder when new, a temporary stretching during the 
painting, and, in the case of murala, another carefully handled rolling during 
hang^, but it should be kept in mind that they are less elastic than oil 
canvases, that cars must be exercised in their handling, and that ropoated 
stretching or roUiog, especially after they are a year old, may result in 
serious cracking. 

Coloured Grounds 

In order to work on a coloured ground and srill retain tha optical advan¬ 
tages of the brilliant white gesso or oil groimd, painters have, from the earUest 
days, brushed or scumbled a thin transparent glaxe over the white surface; 
such a coaling must be transparent, must consist of colours ground in a 
materiel which will not cause structural failure, and must be applied as thin 
as possible. In English and American usage such a layer is usually called a 
veil, Thin gelatin or glue size or very much diluted shellac, egg water, damar 
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vuDish, or glaie mediums may U used. The last two named are not so good, 
as they tend to produce imperious films which may be too non-absorhent and 
glassy. The best Teil should be about halfway between a normal continuous 
film and a sue, so that it does not interfere with the binding or other structu¬ 
ral relations between coats* and yet so that it is cohesrye enough to resist 
being lacked up by the OTerpainting. A may be applied orer the white 
ground before or after the first drawing. In the latter case it may also function 
as a son of Cxativc for a drawing, or it may be applied only in certain pans of 
the pictun, as under the flesh tones, the aky, etc.j it may also be used in 
intenxiediate stages of the work after some imderpaioting has been done. In 
this case it may, if the technique calls for ii, also serre as an isolating layer by 
being compost of ingredienis suiuble for the purpose, as mentioned in 
connecdou with the glazing of tempera pctures. 

Coloured grounds for use in such processes as gouache and pastel, and in 
certain straight otl painung techniques where opacity is expected, may be 
made by mixing pogmenu in with the final layer of the ground itself. Such 
tinted final ground coats are usually kept eery thin{ sometimes a this layer 
of tempera paint is employed for this purpose. The bole, or red eanh, grounds 
of some older schools of peinting were pepared by colouring the final ground 
coai{ they are of little interest to present-day painters. They usually aimed 
at a *pure’ lint of pale Venetian red which could be used as a middle tone for 
the dark, warm colours which were glazed or painted orar them. 

G*ssc SuUaiutu. When a gesso is used for non-exacting or temporary 
purposes, such as temporary decorahons, sketches, etc., time and labour may 
be saved by using one of the wtshable casein wall paiau which have coma on 
the market during recent years. These paints are made from casein, mice, 
white pigment, filler, preservative, and lima, and usually pine dl. The 
material is sold as a semi-liquid peste; one gallon is thinned with water to 
make nearly a gallon and a half of normal-conristency wall paint. For use ai a 
substitute gasso surface, it is applied and sandpapered in the usual manner j 
such surfaces, however, are not to be recommended for the best permanent 
artistic painting. (See page 4^.) 

As a wall paint, this product is washable, not scrubbable, after it has dried 
and attained its full strength, which usually takes about thir^ days. It is 
washable only to the extent that it may be carefully sponged. Any slight 
soluuon of the surface will not cause serious defects in the eppearance of a 
white or pale-coloured wall, but it would be out of the question to rinse off 
such a surface if it bore artisdc or decorative painting of any delicacy. 

It must be understood that materials of this class are not to be used for 
works of art of any degree of importance; they are industrial products which 
are intended to serve for a relatively few yean. 

Gesso as a Ground/or Od Pautwtg. The smooth, absorbent gesso ground 
is unsuitable as an oil ground for direa ml or ol-resin paints because the 
extremely absorbent surface will put enormous difficulties in the way of 
brush manipulauon, and the absor|nion of oil into the g ess o will destroy the 
normal oil-film characteristics of the painring and it may also causa the gesso 
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to bocoitie yellow- It is therefore necessary lo die the gesso in order to make 
it less absorbent, but this should never he carried to the point of making it 
entirely non-absorbent. A condderable degree of absorbency is necessary, not 
only for a permanent adherence between the ground and paint film, but also 
for the proper drag of the brush and distribution of paint. Gesso should not he 
made less absorbent by the addition of oils or varnishes to the gesso batch, but 
by the application of si 2 es over the finished geaso panel. Redpes have been 
published for the introduction of various amousu of oil into gesso grounds, 
but the material then ceases to be gesso and belongs in the class of emulsion 
grounds, for the properties of the gesso are thereby altered. Emulsion or part 
^•part gesso grounds are inferior to both gesso and oil grounds in durability 
and non-yellowiog) casein in particular should never be mixed with linseed 

as the yellowing which results is repid and noticeable. 

In the siring of gesso care must be taken to produce a true size, as defined 
under Priming Oil Canvcj, and not a continuous or glassy film. The materials 
most highly recommended are shellac thinned with alcohol to a waury con¬ 
sistency, and a very weak gelatin solution. When damar varnish is used it 
should be diluted with an equal volume of turpentine, and, after application, 
the surface washed or lightly scrubbed with absorbent cotton which has bean 
mcutened with turpentine. 

The size may also serve the purpose of a nxaiive or isolating coat over a 
preUzninary drawing. Or it may be tinted and serve as a veil, although, ac¬ 
cording to the best oil painting practice, gesso should receive a clear rite 
before a coloured coating is applied. 

A roughened surface may be produced either by manipulating the brush 
(stippling) in the Hnal coat of gesso, or by adding a coarse pigment, such as 
pumice or silica, to the batch. The Utter method will produce a surface with 
excellent tooth. Tcch^'" recommends imprinting the texture of a coarsely 
woven cloth, such as a bath towel, on the neerly dry gesso if a very coarse 
surface is desired. It should be pointed out that this procedure will not give 
an exact imitation of cloth weave, because the texture imprinted will be a 
negative or reverse of the cloth, hut it will give a uniformly rough finish. 
Such textures may be sandpapered to an acceptably level surface and still 
retain enough tooth or granular quality for all purposes. Uniformly ooane 
textures may also be produced with the spray-gun by various spattering 
manipulatioDS. Either tooth or absorbency is necessary for a bond with oil 
paint; a combination of both these properties is desirable, but either one olone 
will usually suffice. 

Oil Grounds on PaneU. Similar requirements govern the applicerion of 
oil grounds on panels as on canvases: when a very smooth surface is required, 
two or three thin coats of the oil paint are applied over e glue size; each is 
allowed to dry and is sandpapered before the next coat is applied. Pumice or 
silica ground or mulled into the paint will impart tooth- Whenever experi- 
menul grounds are made (and careful painters will follow this procedure with 
all pounds), they should be numbered end a record of the date, the materials, 
their sources, and other agnificent details should be kept in a notebook for 

210 



COLOURED GROUNDS 

future reference. Oil grounds should dry end under normal room condi* 
tions of temperature end humiditj and with e uormel exposure to difPuaed 
daylight. According to the best practke, th^ should either be used at once or 
else aged for at least six months. It is worthwhile to take care in securing the 
required degrees of absorbency and tooth bf preHnhnery trials because efforts 
to adjust these quaUries on a finished panel are usually troublesome. 

Scraper-board. This material, the use of which has, in the past, been 
limited to the leas eYacting branches of art and desgu, is coming into favour 
for more careful work, such as illtistratxon and creative drawing. The effects 
which may be produced on it are many and varied, rangix^ from a very dose 
imiteuon of block^printing or engraving to a loose, free technique of its own. 
Scraper-board is a good grade of cardboard coated with an inert |:^raent 
(clay or whldng) hound in a glue or caerin dte of the correct concentration to 
produce a surface which will take India ink wall without being so absorbent 
that the ink will penetrate too deeply. Common writing inks, water colours, 
etc., penetrate too much to be useful. After drawing or painting with the 
ink, or applying solid areas of ink, the artist completes his deogns by scraping, 
scratching, or cutting away the black surface with e special knife, e needle, or 
other convenient implement, therehy expooug the white surface. A quality 
of line which is not to be duplicated by the use of pen or brush is obtained. 
Such work is more often used for medianical reproduction, by making line 
blocks from it, because the scratchy appearance of the white parts ^ the 
original is sometimes not pleenzig. It will be seen theiscreper-boerd is a eon of 
gessO| if desired, a little experimentedon shoisld result in e successful hom^ 
made product. 

There is little new in this nineteenth-cenniry invention. Psinterv from 
time immemorial have employed the sa^etching-out method in ell techniques, 
and the graffito method was at one time widely used} but the ptrtumlar 
qualities of these boards as they are now prepared, gives them just the right 
properties for this type of work. 

Academy boa.rd Is a good quality pasteboard or cardboard, suffidently stiff 
and rigid to withstand handling, and coated on one side with any suitable oil 
ground. Sometimee it is embossed m imitation of canvas weave. It has been 
in use since the commerdsl introduction of cardboard, about the beginning 
of the nineteenth century. Academy board is not considered sitisfeetory 
except for temporary sketches and studies. 

^nvcs hoards ere pasteboard to which prepared tioth has been glued or 
pasted. Although they are made to be painted upon, they are thomughly 
unreliable for permanent, profesriooal on account of the doubtfiil 

quality of the materials generally used. 

Recently there have appear^ on the market all-purpose boards, coated 
with a casein or glue mixture which contains tinting and tooth-imparting 
pigments. The support is usually common thin pasteboard, which disqualifies 
the material for permanent work, but such grounds could easily be applied to 
more permanent supports, such as Presdwood. By carefully balancixig the 
ingredients of the coat to give just the proper amount of tooth and absorbency, 
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a bwrd can te made eo that it can he used for pastel, tempera, oil, or water 
colour. 

I have made grounds of this nature with white lacquer, using a high- 
grade 2 inc or titanium white pyroxylin lacquer and rtirring in an excess of 
dry zinc while and aometimea a little pumice. When sprayed on panels, this 
mixture produces a mat finish and a highly desirable texture which may be 
used as a ground for almoet all mediums. Such panels made on wall board 
have withstood severe conditions for twelve years without alteration. The 
white lacquer should he of one of the best and least yellowing grades, with a 
roinimum of plasticising ingredients. Its flexibility should be less than that 
of any oil or tempera paint which is to he used over it. 

question of the yellowing of grounds and the use in grounds of 
materials which are not approved for the final coats of permanent painting, 
is one which has not been thoroughly gone into. The yellowing induced by 
the combining of any appreciable amount of lizueed oil with casein is eo rapid 
end intense chat it is very likely to cause colour change in the average oil 
painting above iii but there are other materials which, though they change 
lu^ciently to alter the tones of an artistic painting when used in final coats, 
do not change enough to warrant their exclusion from grounds. Lithopone, 
pyroxylin lacquer, pumice, and other inert pigments would fall into tliie 
group. The permanence of lacquer as regards eventual cracking, however, ii 
doubtful. 

Metal Supporu. Copper plates have bean used ae lupporie for oil and oil- 
rwn paintinge from early times, particularly in Holland. These have been 
most successful when the pictures were small and jewel-like and consequently 
were preserved with more than normal care. It la doubtful whether many of 
these earlier works has survived intact without restoration, because the ad* 
hesion between point and metal is seldom of great permanence. The ilexi- 
bility of thin metal sheets and their euecapiibility to denting by minor blows 
combine to cause frequent blistering end peeling of the paint film, ^nc, 
aluminium, sheet iron, end stainlese steel have all been suggested os supports, 
but eech has its disadvantages. Easel painting on metal is obsolete; where 
urcumstances require the decoration of metal, results of extreme permanence 
cannot be expected, especially if the work is exposed to more severe condi- 
tloDS than are usual in the preservation of works of art, 

Copper is soft, is easily bent, and its coefficient of expansion is high. 
Aluminium is seldom pure and has e tendency to react chemicsilly with paint. 
Zinc is an antoxidant—that is, it inhibits and interferes with the drying 
action of oils; only resin varnishes and lacquers should be used on it. The 
same applies to galvanked iron. Iron and steel ere the most rigid, but they 
vrill often rust underneath their coatings. Stainless steel perhaps would be the 
best metal to use for such purposes. 

Metals must be roughened by sand blasting or by rubbing with fine 
abra^ves, and they must be grounded with at least two coats of stiff, heavy 
white lead in oil (stippled on), each coat being sanded before the next is 
applied. Iron and steel require a nist-inbibiting first coat; very stiff red lead 
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in oU is traditional, ljut a betiar rust inhibitor is zinc yalJow ground in a short 
tuDg oil varnish or spar vamisb, jdus a litda lead pigment for ttahility and 
soma silica to furnish tooth for iha second coat, which should be pure white 
lead in Considering the disadvantages of sheet metal in general, the 
modem pyroxylin lacquere which are applied for industrial purposes such as 
automobile painti:^ may be as permanent a coating as any. A special, hard, 
adhesive metal primer or first lacquer coat, designed to be sandpapered, is 
sold^ a home-made substitute consists of shellac, iriiiting, silica, and graphite. 
The tendency of lacquers to become hard and brittle with age is more of a 
disadvantage in their use on metals than it is when they are used on wall- 
hoard panels. 

Glau CaTwcs. Recent improrements and developments in the glass in¬ 
dustry have resulted in the production of yarns made of glass fibre which can 
be woven into a wide variety of cloths that duplicate all the effects of the 
usual textile fabrics. 

Made into canvas of the weaves customarily used by painters, this material 
offers an inert, whiu ground which seems to present a possible permanent 
support for oil painting. The fibres are just as absoibent and fuzsy as those of 
any other fabric and like them require siring before free manipulation of the 
brush is possible. At the present writing, the Coming Glass Works of America 
has developed • glass-fibre canvas for artists' use, but no estimate of its ulti¬ 
mate value can be made until it has been thoroughly tasted by use. One of the 
obstacles to its use is the acrion of riziog matariais upon the fleadbility of the 
fibres; the cloth alone is completely flexible but when the fibres are bound 
with a rize they become stiff and consequently very brittle. 
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Water Colour 


T hd techtiiq^ua of wateT'Colour paioting is bfi^ed on the second sys¬ 
tem of pig^znentetion referred to on page 55—that is, it aims at 
utiliung the transparent or gUte system of colouring as much as 
possible. Although opAq,ue whites and colours which produce 
opaque and semi-opaque results may often be employed to advantage in a 
transparent water-colour painting, there is a definite limit to the esctant to 
which they may be used if the usuaUy deured water-colour effect of the 
pcture as a wbc4e is to be retained. 

J^ater Colour and Couachs. The term aquarelle is not in common usage 
in England or America, but it tpedficaUy designates this type of painting as 
distinguished from gouache, which is another sort of water-colour painting 
on paper or cardboard, in which the same medium is used as in water-colour 
paints, but in which no transparent colours are used and thoee pigmenu 
which ordinarily would be transparent are made opaque by the admixture of 
white. For gouache, tinted papers may be need if d^red, and the en^re effect 
is usually that of a free, dir^, simple oil painting, but the manipulations and 
and brush stroking naturally are conditioned by the characteristic behaviour 
of a water medium. Gouache pictures usually exhibit a slight but definitely 
effective impasto. The paint, however, must not be piled up heavily or it will 
crack. 

As a general rule, transparent water colours may be freely introduced 
into an opaque technique such as gouache or pastel, so long as the general 
character of the work remains definitely gouache or pastel. Tho introduction 
of opaque effects into a painting which is predominantly water colour or 
aquarelle, however, must be subtly and sparingly done^ casual or careless 
attempts to do it usually give unpleasant results. 

The Materials. Water<olour paints are composed essentially of trezis- 
parent pigments ground to an extremely fine texture in an aquecrus soluUon 
of gum. The binding material and pigment must be combined in the proper 
proportion to permit all of the various manipulations to he accomplished with 
ease; once this has been done, wate^colour paints may be enormously diluted 
with water and still adhere perfectly to the paper. The ability of the paper to 
absorb and bold pigment particles in its interstices is at least of equal im¬ 
portance with the adhesiveness of the gum in binding the colour to the 
ground. When water-colour paints are piled up or applied thickly, as in some 
of the gouache techniques, the holding or binding action of the paper on 
Iflgment pertielas is naturally less, and the colour will have more of the 
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regular paint-film characterislics, wiU depend a little more on the medium 
for its binding properties, and will have a tendency to crack if the support is 
not rigid. 

When permanent colours are used on pure rag watercolour paper and 
the picture is kept under the same normal conditions of preserraiioxi as are 
accorded other objects of art, the technique is as permanent as any other. It is 
not true that the colours are liable to be faded by daylight because they are 
exposed in such thin films j only the semi-pertnanent or borderline pigments 
are likely to fade^ they will be affected in the same way when used in oil or 
tempera, though such change may be somewhat less noticeable in those 
techniques on account of the larger volume of colotir employed. 

Because of the comparatively low cost and simplid^ of a students’ water¬ 
colour outfit, the medium is universally used as an introductory technique for 
children and beginners. The production of a successful waier<olour painting, 
however, cells for a considerable degree of technical skill and a well-developed 
art technique. Because of the portability of the necessary materials, water 
colour is well adapted for sketching purposes. For these reasons, it has become 
customary to distinguish between a water-colour painting, carefully done in 
the studio or direct from nature, and a v?ater-colour sketch, made as a note 
for subsequent work in water colour or some other medium. 

Although examples of work comparable to modem water-colour painting 
can be cited among the jnctures of nearly every period, the technique as we 
understand it today was not appreciated as a standard art method unul the 
eighteenth century, when the English school esiabUshed it as such. 

Paper. The earliest manuscripts in Eiuni>e were on paper prepared from 
Egyptian papyrus^ dunng the Middle Ages parchment and vellum replaced 
it, and paper made of linen fibres came into use about the thirteenth century. 

The best peiitianent paper for water colours is most carefully made from 
linen rags (a small percentage of cotton is permissible) which are boiled, 
shredded, and beaten to separate the fibres; the material then assumes the 
form of a smooth, flowing pulp. It is run over a fine screen in a thin layer, 
dned, and pressed. This is the briefest sort of outhne of the process; for the 
most permanent kinds of water-colour and drawing papers no chemicals may 
be employed, with the exception of a little bleaching agent, the surplus of 
which is destroyed and neutrahzed by means which leave the most harmless 
residue in the paper. Care must be taken to avoid all contaminaiion by 
particles of metal The fine papers of the Italian Renaissance did not contain 
even bleaches, but were made most carefully by hand and, according to later 
writers, probably bleached by exposure to sun and air. The huge paper in¬ 
dustry of today, with all its technical refinements, is on a mass-production 
basis and even in its most careful manufacture of grades for the finer sort of 
commenfial purposes, is a thing apart from the compararively small-scale 
industry which produces artists’ papers. For most of our paper we depend 
upon the European xnakae, produced by establishments which have survived 
from past centuries. 

The Chinese and Eoreans, later the Japanese, used mulberry bark to 
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make paper which met the Teiy meticulous requirements of their artists but 
which has a greater tendency to darken and become brittle with age tlian has 
the European product. The Chinese artists expect their paper and black ink 
to last for a thousand years under normal condiiious of preserration, but are 
aware of the fact that some of their more common colours will fade in less 
than fifty years. 

Paper reyeals iuelf under tbe microscope as a felted or web-like mass of 
interlaced Hbree. The production of a pendl, crayon, or pastel drawing 
depends upon the Hle-like action of these fibres, which, as the mateiial is 
drawn orer the surface, wear it down and hold and retain its particles in their 
interstices. 

Naturally, a substance of this coDscruciiou is extremely abaorbent to 
liquids, so that in order to apply and manipulate liquid paints or inks upon it, 
it must be impregnated with sizing. An example of unsized paper le e blotter^ 
enother is tilter-paper, the best gr^esof which, used in chemical laboratories, 
are the purest form of paper and are tbe products of the same establiihmenis 
which produce our water-colour papere. 

The materiel used for sizing the best water-colour papers is o weak solution 
of gelatin or hide glue, and the amount used is of considerable importance to 
the properties of the paper. Paper which has been made with too much sizing 
will give Irregular or spotty resulu while that which is too absorbent will 
give dull, sunken-in effects. 

Chinese and Japanese pspere made in the traditional manner, perhaps 
with a few European improvements, are sized with a solutioo of ox-hide 
glue, which is hardened or set with alum. Some kinds of Japanese paper are 
sold to artists unsized^ ink or cobur will run or spread on this material unless 
it is impregnated with size. 

Leurie>* suggests that drawing papers treated with alum and resinates, 
as some are, should not be used for water colours, as these chemicals may 
have an effect on sensitive pigmeuts. 

When manufacturers add size to paper they do so while the paper is in 
the pulp stage, but unsized paper end paper which needs re-siziog as a result 
of a prolongsd soaking in water, may be effectively sized by immenion in e 
weak gelatin solution, ^ ounce or lees to a gallon of water. The amount of 
gelatin required varies greatly according to conditions, but should always he 
kept to a minimuzo. 

Piper is mode uniformly flee and smooth by pressing it or passing it 
through rolien. Cold-pressed paper hos an open texture and is used for water¬ 
colour peintingi hot-pressed paper is not well suited for water-colour but is 
employed for other drawing purposes. 

Fine papers are watermarked or emboyed with the manufacturers’ mark, 
the tide upon which this can be read being the right side. Many papem are 
well finished only on one side^ the wrong tide may contain irregular spots, 
flaws, and blemishes which do not show up until painted upon, or its grain 
may ncA bs the same. Other papers may be used on both tides equally well. 

Thickney is one of the most important requirements for fine water-colour 
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paper} Teiy ii^ht-w«ght paper will cockle or wrinkle, lends itself to a smaller 
range of manipulations, and is unsatisf 10017 ^ Paper is graded 

hy the weight of a quire (imperial the thinnest variety in common use 
weighs 72 poundsj an intermediate weight is 90 pounds. 1+0 pounds is a 
fairly heavy paper, about the minimum wright suiuble for all-around use. 
Some painters prefer a heavier paper than this, however. The best kinds are 
obtainable in weights as heavy as 2 S 0 to 400 pounds} they come in hoard-like 
sheeu that will vrithsiand severe treatment and permit the fullest use of 
manipulations- The lighter-weight sheets are more often used in the veet 
techniques where the paper is stretched before use. 

Some of the trade names for ozes of drawing paper are u follows: 

Royal, 19x24 Elephant, 25 x 28 

Super-royal, 19 J x 27 Double elephant, 26} x 40 

Imperial, 22 X 50 Antiquarian, 51 x 55 

The grain or texture of watercolour paper contributes largely to the final 
effect of the picture} the varied way the colour is taken from the brush by the 
high and low spots of the grain creates e depth of tone and sparkle which is 
peculiar to this technique. A mediumcoene grain is most popular, and the 
coarsest kinds are preferred more often than the smootliest. Beginners are 
always cautioned against clog^ng or filling up the grain with heavy itrokei, 
thus producing e ditil, flat effect. 

ytlium and par^/runt are made from the skios of calves, goats, and 
sheep. Parchment is e coarser meteriel then vellum, but there is no very 
sharp line of distinction between the two. The finest gredes ere made from 
the skins of newborn animels. When soaked in waur, they absorb a large 
amount and bacome soft and pliable; when stretched, drie^ and subjected 
to a number of finishing and surfacing operations, they present a very good 
and permanent ground. They have long been obsolete so fer as any widely- 
used painting method is concerned. 


Home Manueactors of Water Colours 

Few artists attempt to make thrir own water colours becaiise the better 
grades on the market ere quite satisfactory and because their manufacture 
with the facilities at the artist’s comcaaod is so difficult. Those who have 
made adequately successful ones usually find that they must do their own 
formulating by trial and experiment, because each jagment will require its 
own special proportion of ^der. 

Published formulas for the water<oLour bindin g liquid are scarce; most 
writers confine their statements to generalities. The ususil batis is a syrupy 
solution of gum arabic, preservatiTe, glycerin, honey (or glucose), and a little 
oxgalJ. The addition <d oxgall is required to break down the surface tension 
of the water colour so that the paint will take evenly on the paper and not 
form drops. The inferiority of homemade colours lias in the relatively 
coarse grinding they receive; the commerdal |roduct is ground through 
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powerful roller mi]l< such as are employed to make printing inks, The hand> 
ground colours are more likely to be grainy and to pick up or waah ol¥ easily. 
The following recipe is averager 


Powdered gum Senegal 

(ordinary gum arabic is second 
choice) 

Distilled water 

Pure glycerin 

Honey • water (1 11 ) 

(Glucoie or sugar syrup may be 
substituted) 

Oxgall 

PreservatxTe (optional)? 

Phenol solution (10%) 
or 

Sodium orthophenyl phenata 


1 ounce (about 1 ^ ounces by maasure 
or fluid ounces) 

2 fluid ounces 

§ fluid ounce (about 2^ drams) 
(a little over 2 tablespoons) 

I fluid ounce (2^ teaspoons) 

a small amount according to require¬ 
ments and experience^ about 2 to 
5 grains, or | teaspoon 

If teaspoon 


^teaspoon 

Dissolve the gum* add the preservative, glycerin, honey, and oxgall. 
Cool and niter through fine cloth. (See remarks under Prmrvatives and 
Oum Amhic.) Gum Senegal is preferred to ordinary gum arabic becouie it is 
less easily soluble and vrithstands washes and overpainting manipulations 
better. 


Some amateur water-colour grinders make a more liquid pute chan is 
desired and allow the excess water to evaporate until the maas assumes a drier 
form) another method is to grind the colours with a gum solution, allow the 
mixture to dry through evaporation, then re-grind the mass with glycerin, 
thus producing a moist colour which will not become dry but which will 
contain more glycerin than is advisable. Although glycerin is supposed to be a 
modem substitute for honey in moirt colours, practical results seem to require 
the use of both. 

Distilled water is used because the peint with iu finely dispersed particles 
exhibits colloidal characteristics, and the salts and impurities in ordinary 
water might interfere with these, Salts are also likely to form a cloudy layer 
on t^ picture, Most painters ipore the advice to use distilled water for 
dilution during the painting of pictures, considering it an ove>rermement. 

G<Huicke. Gouache colours are ground in the same medium but are made 
up to more liquid consistency. In the gouache technique the pigments which 
are normally transparent, are made opaque by the addition of various 
amounts of men pigment (precipitated chalk or Wane fixe)^aboui 50% on 
the average* sometimes zinc or tiunium whites are added to the deeper 
colours m order le bring out their undertones or to reduce the entire palette 
to a uniform pale tone. When it is desired to secure powerful tinting strength 
or deep pure tones or, as in the case of whites, great hiding power, some^ 
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tnents are uaed full rtreagth. Gouache colours should he smooth and the 
pigment partides well dispersed, hut ihej do not require the ertremely fine 
grinding that is necessary for water coloursi some painteis find a glass 
mortar and pestle coneenient for making these semi^liquid paints- Gouache 
colours should be kept in screw-cap jars, and if stored for any great length of 
time should be inspected occasionallyj if they hare thickened, additional 
water should be added to them. 

It is ordinarily more practical to keep home-made water colours in little 
boxes or pans than in tubes. Water-colour pgments are diacussed in the 
section on PigrrunU; the remarks on grinding oil colours may he taken as a 
general giude to the grinding of water colours, except that within certain 
limits, which there is no likelihood of exceeding in hand'grmding methods, 
the colours should he u finely ground w poMible in order to be held in the 
grain of the paper, in order to brush out in a smooth manner, and because 
coarsely ground pigments will not pre the desired brilliant colour effects. 

As a makeshift when no other supplies were ayailable I hare made moist 
water colours for sketching purposes by grinding pigments in a thick, syrupy 
solution of ordinary pale-coloured gum iroft of glycerin tablets in hot water. 
These candies are similar in comporition to the above type of medium and 
normally contain gum arebic, sugar, glucose, and glycerin in fairly good 
proportions. Such substitutes are 1^ no means recommended for regular use 
hut corns under the remarks on page 2 1. 

Water colours ware origineli/ told in dry, compressed cakes^ these have 
been almost entirely superseded by the pans and tulw of moist witar colours) 
because of their convenience the tubes are most popular. A imall number of 
painters, however, still prefer the dry cakes, on grounds of cleanliness and 
purity. They are made by using a Dedium ctunposed of concentrated gum 
Seoegtl, a little oxgeU, and sometimes sugar. Sugar in water colours acts as a 
plastidzer and enables the colour to be brushed out with greater east) it also 
increases the solubility of the dry paint) too much will imbalance the formula 
and cause the paint to he picked up too ea^y during overpainting or other 
manipulations. 

The chief difficulty in the formulation of water colours is in achieving 
balance of solubility and working qualities^ the chief difficulty in their pro¬ 
duction is in the fine grinding. In general, the home manufacture of water 
colours is not recommended but gouache or impasto water colours can be 
made by hand to advantage. 

Surface Tension. Some liquids, notably water, have a high surface tension 
—that is, they tend to form drops rather than to wet a flat surface easily. 
Other liquids and solutions will wet the same surface more readily. On the 
other hand, the wettability of some surfaces is greater than that of others^ 
some grounds and pigments will repel water while other* will moisten 
readily. 03:gall not only reduces the surface teunon of the liquid but is also 
an efficient wetting agent for the surfaces. It may be purchased in powder 
form from the general chemical supply houses or in solution at artists’ 
material shops. 
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^ Some Notes on Water-Colour Techniques 

The methods, schools, or techoiques of water-colour painting are many; 
most modern painters do not confine themselves strictly to any one, but 
utilize any manipulations which will suit their purposes. 

Water colour as a medium for serious or complete works of art came into 
use around the beginning of the nineteenth century in England; the tradi¬ 
tional English method is to build up thin washes of delicately mixed colours, 
one over the other, until the desired depth and colour effect is reached. Die 
compoaidon is usually based on a carefully executed pendl drawing. 

A great number of books have been written on this technique and each 
one generally contributes some additional details of procedure or manipula¬ 
tion, some of which are adopted but most of which have been discarded by 
the average practitioner of todiy, who, whatever artistic camp he follows, 
usually rehes on one of the more direct, forceful methods. 

By applying several broad washes of thin colour one over the other, ac¬ 
cording to the older method, a luminous aerial e^ct may be obtained; this 
procedure is sometimes quite useful in putting in skies in pictures which are 
otherwise painted in the bolder, more direct manner; the combination of the 
two methods will give a solidity to objects in contrast to the aerial quality of 
iba sky. The paper is slightly moistened and an even tone washed over the 
sky. It is allovrad to dry, and then gone over liberally with clear water, 
scrubbed in a little with the brush; this is blotted with a large sheet of white 
blotting paper, which takes up about two thirds of the colour, Another wash 
of colour it than applied, allowed to become dry, and the procedure repeated. 
Depending upon tho strength of the washes and the affect desired, three, 
four, or more coats may be applied; the removal of colour from the high 
points of the grain of the paper eoch time contributes a sparkle to the effect. 
Sometimes one yellowish or reddish wash is put on as a first tone under blue 
skiss, or under most of the picture to tone down harsh over-brilliance. 

Another water-colour technique or method is to paint, usually with rather 
iniensa and final colour tones, on paper which is thoroughly wet (just below 
the point of saturation, where water would actually lie on the surface). This 
method produces soft or haiy outlines, but is capable of much variation if 
parts of the work are painted in a drier stage or if thin washes and dry strokes 
are combined with it. The paper is kept wet by soaking it thoroughly for an 
hour or ao and then laying it on a shellacked drawing board or sheet of plate 
glass where it adheree as long es it remains wet. If it is desired to keep it in 
the wet state for a long time, it may be moimted on a pace of heavy card¬ 
board with a strong hide glue; after this has dried it may be soaked overnight 
m water: the glue will swell and retain the moisture for many houra. 

Another vwiaiion of this method, probably springing from the Impres¬ 
sionist school, is to paint a sort of mosaic, leaving a thin white space between 
certaiu colour spots or brush strokes where sharpness of outline is desired- 
When the paper is dry, these spaces may be tinted, and the areas pulled 
together. ^ 
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The variatioiu and combinations methods are so numerous chat it 
is seldom possible to tag the worh of an artist as belonging wbollj to any 
school founded on strict adherence to one of these systems ^ thereforef most 
painters lump these methods into two groups, classifying their work as 
either 'wet method* or ‘dry method’, depending on whether they work on 
soaking wet, slightly moist, or entirely dry paper. 

The most widely used method at present eini^oys direct bold strokes on dry 
paper or paper that is moistened occaaonaljy, as required, by a slight spraying. 

When painting is done on heary sheeu of diy paper, the paper is usually 
fastened to a drawing board with drawing-pane, or clamped to a light-weight 
board or portfolio cover with spring clothespins, metal dips, or rubber bands. 
When a more accurate level surface is required, or if lightweight paper is 
employed, the paper must be stretched or strained on a board. Finished, dry 
pictures will usually Hatten out again on storage. 

Stret^ng Paper. When a water colour is done on a loose sheet of thin 
paper or on a pad or block, the wrinkling of the sheet resulting from the un¬ 
equal swelling of the fibres will interfere with the accuracy of the brush- 
work) the more detailed the brusbwork, the greater the care neceesary to 
prepare a smooth, flat working surface, and pains taken to secure this surface 
will repay the painter in the long run. For studio work, paper an inch or so 
larger than required may be dampened, then blotted ^ about a half-inch 
all around the edges, and pasted along this margin with strong paste to a 
drawing board. If the paper is not wet enough, it will not stretch properly; if 
it is too wet, the great cootiectioo on drying will cause it to tear. Apply the 
water evenly with a sponge or flat brush; cover the paper with a damp cloth 
for a while, and then test it by bending down a comer. If it springs back into 
place and retains its full alasticity, it has not sufficient mcasture; if it does not 
spring back, it has enough water. If the comer bends of its own weight, in e 
soggy manner, it is too wet. As the paper dries with its edges fastened down, 
it will stretch tight and smooth. When the ^cturo is hniahed, it is cut away 
from the board. Home-made paste, as described on page 2d2, may be used; a 
prepared paste called Higgins’ Vegetable Glue is also widely used for this 
purpose drei^ghtsmen. A simpler way of pasting down the paper, used by 
some modern painters, is to fasten the wet or damp sheets to a drawing hoard 
with gummed upe such as is used for package sealing. If placed smoothly 
and evenly all around, this serves as well as the paste. 

light-weight paper may also be s^tcbed with drawing pxu on a thin 
drawing board, if the paper is an inch or two larger than the board. The 
paper is dampened and the edges turned under and fastened to the back of 
the board wi^ many small drawing-pins. In order to prevent cockling of the 
paper, a square is cut out of each comer so that the paper may be tacked or 
pasted to the edges of the board without any folding. 
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T he art of painting in pastel dates back about two hundred years, If 
outline drawings in coloured chalks or earths are included, the 
technique may be said to be prehistoric ( pastels in our present 
sense of the term, howerer, beg;in with the eighteenth-century 
portraits in this medium, 

Permanence. The process, in SO far es materials end the chemical charac¬ 
teristics of the results are concerned, is one of the simplest end purest, being 
a method of painting with pure colour without medium, and for this reason 
it is preferred by some artists who do not wont their paintings to suffer those 
effects of age which are caused by the changes the mediums of other methods 
undergo, The disadvantages of pastel are its relative fragility under tnechani- 
cal wear end tear, its colour or tonal limiutiona, and the impossibility of 
glazing it, When pure, higheet-qualiiy paper end only the absolutely per¬ 
manent colours are used, pastel is among the most permanent forms of 
painting. 

The binding maurial used to form the colours into sticks or crayons is just 
sufficient for the purpose and has no effect whatever upon the paintings. 
Pastel pictures, however, sometimes re<^uire a fixative to prevent the colours 
hvm dusting off, This fixative, when properly made and applied, does not 
alter the appearance of the picture to any great extent, the main change being 
a slight lessening of the softness of the borders. This chenge is usually very 
much less than ^e drying change which occurs in the other painting methods. 

Prepared artists^ pastels are usually sold in three grades, soft, medium, 
and bard, The soft is universally used, the other two for only special effects 
and purposes, The soft texture of pastels allows them to be easily manipulated^ 
the common chalk crayons intended principally for blackboard use ere un^ 
suited for the purpose. There is no reason why reputable makers of artists’ 
pastels should not state on the pastel label the specific pigments used^ when 
this is not done there is always some doubt as to whether the crayons contain 
only permanent pigments, since pastels which conuin dyes end fugitive lakes 
of great brillience have often been placed on the market. 

To Make Pasieh. The commercial pastels are sometimes not entirely 
satisfactory to artists, and the following method based on Onwald’s instruc¬ 
tions" can be used to make a complete set of all shades very easily and at 
small cost. 

Malerials. 

Mortar end pestle made of glass or porcelain. 
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Gum Q’agacaiith. 

Predjutated chalk. 

Dry colours (sea page 72). 

PreservatiTe. 

Improvised syringe—Ostwald mentions the use of a discarded bicycle pump. 
An aluminium cake-decorator from a kitchenware shop or a grease gun 
can also be used. The use of a syringe is ojKionalj hand-moulded crayons 
are usually entirely sa^sfactory. 

Procedure. Pour a pint of water on about } ounce of gum tragacanth 
(described on page 281), cover the vessel and allow it to stand overnight in 
a warm place. To the resulting gelatinous mass add a little beu naph^ ■ to 
prevent it from spoi^. Label this solution A. Dilute a portion of it with one 
part of water, labelling this solution B, and another portion with three parts 
of water, labelling this solution C. The various pigmanu will require solu¬ 
tions of different strengths to produce oayons of the proper degree of aoftnassj 
very few will need the full strength A solution. 

Because of the variations in raw materials, no accurate instructions can 
be given for the amounts of binder neceasaiy to make pastels of the proper 
texture. A small amount of the colour or combination of colours muse be 
mixed with the tragacanth mass on a slab with a palette knife, formed into 
e lump or crayon, end tested to see whether the pastels will be soft or firm 
enough. This ten pace may be warmed to hasun its diying. Accurate records 
of correct proportions should be kept is a book. Always note tha source of the 
material and date purchased. 

To begin by making white panels, w^h out roughly 2 ounces (about 
9 ounces by volume) of predpauted ch^, and add 1^15 mL (about ^ fluid 
ounce) of the dilute C solution, described above. bGx this in the mortar until 
it is smooth and of the conaineo^ of put^. If it is too dry end stiff add a little 
water, and if it is too liquid add more chalk. R^ into sti^ with the hand on 
t layer of newspaper^ better-looking pastels may be made by the 
apparatus described above under MatenaU. Allow to dry in a warm (not hot) 
place and break into convenient lengths. 

To make a series of gradations of a colour^Hfltramarine, for example- 
first make a large amount of the white chalk paste to be used as stock. Then 
take about 2 ounces of ultmmarine and grind it to a smooth paste in the 
mortar with a suflldent amount of the medutm^trength solution B. Make 
crayons of this paste; they will be the first or deepest shads of ultramarine. 
Before the crayons are moulded, a small paeca of the paste should be dried by 
warming, and testad to see whether it is of the detired degree of softness. If 
any alterations in the strength of the gum solutioD are necessary, make a 
note of them for future reference, bearing in mind, however, that tha 
amounts apply with exact accisracy only to materials of the same source of 
supply and date. / 

* Sodium orthopbeoyl pbenate, mentioned on page 284, li perhaps a modern 
improvement, but beta na^th^ will p rese rv e these gun tolutioni for many years, 
if tne containers are tightly eoiked. 
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Repeal the foregoing operation with another 2 ounc^ of ultramarine 
mixed with the proper amount of binding solution, divide the dark blue 
paste into two equal portions, and return one portion into the mortar; add to 
it an equal volume of the white stock, and grind thoroughly until the mix¬ 
ture is uniform and free from spots and streaks. This mixture, when made 
into pastels, will give the second value, J blue and J while. 

Divide the remaining dark blue paste, and to half of it add three parts of 
the white stock, making the same total quantity as was produced before. 
Pastels so made will ba the third value, i blue, | white. Continue dividing 
the remaining blue mass in half and making it up to the same total amount 
each lime with chalk paste. Between the seventh and tenth steps, depending 
on the strength of the ultramarine, the colour will become so light that 
further dilution produces no noticeable difference, and the series is finished. 

Another system is to mix the entire 2 ounces of the dark-coloured paste 
with an equal amount of white stock, which will give the second value (J 
white, I blue). Divide this into two equal portions, make crayons out of one 
portion, and to the other add an equal amount of while stock, which will 
make the third value (J blue, j white). Divide this paste into two equal por¬ 
tions as before, make the third-value crayons out of one, and add an equal 
amount of white to the other to make the fourth value, and so on. This may 
he e simpler way of measuring the amountt, but it requires grinding a double- 
sired batdi is the mortar each time. 

A series could also be made by mixing the colours dry and then adding 
the liquid. This would require making up separate mixtures of the binding 
liquid, adjusting them to the proportions of the pigmenu present. The first 
method is the eesiest. 

Ostwald points out that the gradations ere to be made according to these 
proportions, ao that each lubeequant mixture contains the same fraction of 
the preceding mixture*! colour, in eccordence with e general law that the eye 
perceives equal ratios, not equal differences, as corresponding gradations. 

After a set of single colours ie completed, according to the requirements 
of the individual, mixtures of colours may be made up of two or more dry 
^meots each, resulting in shades which cannot be purchased ready-made. 

T&Ic has been recommended as a substitute for, or addition to pretijutated 
chalk, because its slippery or soapy texture imparts a desirable working 
property to the crayons. 

The various shades of pastel crayons can be kept clean only by the use of 
separate boxes or compartments. 

Painting in Pastel 

The Ground. Spedal papers with varying degrees of roughness are widely 
obtainable. Almost any soft drawing paper can be used; the grain must be of 
such a nature that it will hie off the perticles of the pastel crayons and retain 
them. Prepared canvas is also obtainable, and sometimes thin muslin or simi- 
ler doth pasted to cardboard or wallboard is used. A porous coating, such as 
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lacquer or paint into which an excess of pumice, silica, or other looth-impan- 
ing frigment has been stirred, may be sprayed or painted on boaids. When 
the pastel painting is soUdly done and the entire surface of the ground 
coTsred, the colour of the ground is unimportant} when the painting is loose 
or sketchy, learing areas uncovered, the ground naturally influences the 
entire work, and many pastels depend on the white, gray, tan, or other colour 
of the ground for their effects. The granulated or sparUing effect of a coarse- 
tertured white paper showing through sparaely ap^ed strokes is utilized to 
a considerable extent. Vellum has been used as a surface for delicate work. 

Pastels are sometimes applied on paper wholly or partially coloured with 
water colour, or over drawings begun in gouac^ i^ or water colour, or 
used in combination with these medituns. As a general rule, the laner may 
be done successfully only whan the opaque colour predominates} small 
touches of pastel in a pacture which is essentially a transparent water colour 
give an effect that may not always be desirable. 

Mampuiations. The general rules govamiDg the venous techniques of 
creating artistic vrorks in pastel do not differ from those which apply to the 
other methods of painting} most schools of painting condemn small, timid 
strokes and tiny, sharp crayons in general, as they do liny brushes and tight 
strokes in oil. Th9y usually inrist on large free strokes and the use of plenty 
of crayon and all poasible aids, such as oumbling the crayons and rubbing 
them in with the fingers} also they recommend the use of stumps and bristle 
brushes, sometimes trimmed off to make them sdffer, for spreading and 
blending the colours. A stiff brush is also useful for removing colour by dry 
scrubbing, when corrections are to be made. A rubber finger-cot may be used 
to protect the fingers, but sometimea it is preferable to work without it. The 
mechanically smooth blends and half-tones which may be obtained by mani- 
pulations are well known, but are usually condemned on artistic grounds, end 
held to be pitfalls for those who attempt too much finish and working-over of 
a pastel painting. Pastels are usually done on an easel sloping forward so that 
the dust fells away from the picture. The poisonous colours are excluded from 
the palette (page r2), but no finely di^ed powders, no matter how inert, 
should be continuously inhaled. 

Fixi/ig and Preserving PasUl Paintings. Pastel picturea, especially those 
which depend on subtle colour and taottural effects for their success, are often 
left unfixed, and presarred by framing tham so that there Is no danger of the 
powders being rubbed by movement against the ^^ass or of its acquiring a 
coating of dust. All pastals should be done preferably on paper which has 
been mounted on a rigid backing such as heavy cardboard, tbair resistance to 
mechanical in^xines being thereby increased. Almost every artist who 
spedelizes in pastel and erary writer on the subject dislikes the use of fixatives. 
It is not possible to make a fixative which will upon drying leave the picture 
entirely unchanged, because of the optical results of any surrounding medium 
as outlined under Colour; but with the better ones the change 'nil be very 
slight. 

One of the best fixatiTos, both as to protectioo and slightness of change in 
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colour effect, may be made by the follo?riog formula, which baa been adapted 
from an old one published by Ostwald.** 

Soak ^ ounce of fresh casein in 4 or 5 ouzices of water for about six hours; 
t hen add pure ammonia, drop by drop, with constant stirring, until the casein 
has dissolved to a thick, honey-like mass. Use just enough ammonia to effect 
the solution; it will usually take about J teaspoonful; never use cloudy house¬ 
hold ammonia. Then add a half-pint of pure alcohol; when this is mixed in 
>vell, add enough water to bring the total amount up to a quart, and filter 
before bottling. A line while predfdtaie may be deposited on «anding; the 
bulk of the liquid should be poured off without disturbing it. The fixative is 
never entirely clear in the bottle, but usually displays a slight cloudiness. If 
desired, ammonium carbonate may be used to dissolve the casein, as de¬ 
scribed under Canin. The mono-etnmonium caseinate mentioned in thet 
section will produce the cleanest, most colourless solution. When this variety 
is used, warming the mixture in a can immersed in boiling water will dis¬ 
solve the casein without the lue of ammonia. 

If some of the ordinary grades of denatured elcohol are used, the emoum 
of sediment will be greater, and the colour of the liquid will probably be 
disdncUy yellowish or pinkish. Pure grain alcohol is best. Old casein alio pro¬ 
duces a more yellowish solution. The Hxing strength of this solution may be 
greater than is required. Teats should be made, and the solution diluted with 
water until it is of just sufficient strength to bind the pastel to the surface as 
much as is desired; if the picture is to be framed behind glass It does not have 
to be so thoroughly Hxed thet it will withstand severe rubbing. The weaker 
the solution, the less colour change there will be. If a stronger fixative is 
desired, leave out some of the water. 

Pictures to be ffxed must be laid on the flat, level surface of a table or upon 
the floor, and the atomizer or blower must be correctly manipulated. It 
should be held at the proper distance from the picture for the type of spray 
it emits, so that the finest, most uniform mist is deposited. Each stroke should 
begin end end beyond the picture, end if it is necessary to hold the atomizer 
directly over the paper, a shield made of paper or cardboard should be im¬ 
provised end affixed below the nozzle, eo that the heavy drops which some¬ 
times eccuraulste at this point wiii not fall upon the picture. 

Common fixatives such as are sold for preserving ohiLrcoal drawings sire 
simply very dilute solutions of mastic, shellac, Manila copal, etc., in alcohol; 
they have considerable effect on the colours used for pastels, the result tend¬ 
ing toward that produced by the use of a strong binder in paint. When such 
resinous materials ere used In fixatives, their proportion should be about 2 
parts to 98 parts of solvent. Becaitse it is often incouvenient to work on 
stiffly mounted papers or boards, pastels are sometimes mounted after they 
are made. As Williams** points out, fragile as they are, unfixed pas tel 
paintings will withstand a considerable amount of expert handling; direct 
vertical pressure of a non-absorbent surface on a pastel picture will do little 
harm; should a slight amount of colour dust off, the effect will be unnotice- 
able. However, any lateral movement against tke pastel surface would be 
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rmnom_ Any numbar pwtel pctu«, may iharafore be pUed up mtb e 
sheet of smooth, coeted paper (cellophane is good) laid oeer each, a stiff 
boyd jJa«d at either end <rf the pile, mid the bundle securely .^tightly 
tied together for transportation. ' ® 

To mwnt a Uy it face down on smooth, shmy paper or cardboard, 
dampen ^e back with a well-wning sponge, blot dty a half-inch margin ^ 
edges and apply paste to it. Place face up on the mount, thick 
should be somewhat lar^r than the paper, cnrer with a sheet of smooth 
paper, nib flat with the hand, and corer with heavy weights until dir. The 
paste paper should stretch out tight and smooth. In this as in sD other 
handling of pastel pctures, do not touch the painting with the hand, and 
gu^wd^wst ^e least lateral movement between the piaure and the surface 
whi^ has against it. Pastels may aim be permanently or temporarily framed 
m the ^epwut manner, against a sheet of glass, but must be securely 
attached on all sides so that no movement is poseble. An expert restorer can 
dean, repair, and even wash pasul paintings by a series of delicate operations. 
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T he t«rm mural painting sigoi^es more than large-scale anistie 
work done on a wall instead of on the usual movable canvas or 
panel; it also implies a distinct mural character or feeling which 
takes into coQsidoration all the aesthetic and technological demands 
made on mural work by reason of its permanent place as an integral port of 
the eiruaure of the hwlding, 

The technical requiremenu for a mural era toilar to those for oil and 
tempera easel f^ureSi and in addition these: 

1. It must be absolutely permanent under the conditions to which it U 
to be exposed for the life of the building—these include the necessiry wash* 
ing or cleaning which is periodically given to walls. 

d. It should present a dead fiat (mat) fioish ac that it may be viewed from 
aU angles without undue glare or reflections such as ooe gets from an oU or 
varnish surface. 

5. The design or (ecture must be laid out with the understanding that 
the spectator is ambulatory rather than stationed at an arbitrary fixed point, 
u in the viewing of easel paintings. 

4. The painti&g must have a mural quality—e very definite, but some* 
what intangible character which includes a certain degree of appropriateness 
to the architecture and function of the room; if it ia to be painted in a com¬ 
pleted building, it must he planned to fit into the architectural design rather 
than to give the impression of being a surface adornment. Proceeding along 
these lines, our definition runs into aeethetici, which ie beyond the scope of 
the present account. The means of accomplishment sire as many as there are 
schools of artistic thought. A familiar admonition is to maintain the two- 
dimensional or plane surface feeling of the work as a whole; subj ects, whether 
pciorial or decorative, may be presented in full perspective or recession 
but not so as to create ' holes' in the wall. Some successful painters have 
disregarded this rule. 

Mural painting suffers perhaps more than easel painting from a lack of 
sundardiaed data obtained from practical and sdentihe research and experi¬ 
ment, especially in respect to the durability of modern and traditional 
methods under present-day conditions. 

Fresco Painting 

The term fresco is used to describe the traditional buonfrfsco process- 
painting upon a wet, freshly prepared lime-plaster wall with pigments 
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ground in water oaly. When the plaster dries it sets with a rock-like cohesion, 
and the {ngments dry with it as an integral part of the surface. Microscope 
examination of a fre sc o painting reveals definite peoetration of the pgment 
into the interstices of the particlee which compose the plaster surface, in con* 
trast to the more definitely superfidal adhesion of oii and tempera paints. 
The pgmeni parUdes become cemented to the surface lime in the same 
manner in which the Ume partides hond with each other and with the sand, 

The desirahle features of fresco are many, and the effects are particularly 
well adaptad to mural requirements. The paintings are actually an integrd 
part of the wall, and as such are emwdar^ more appropriate thun super* 
imposed decoration. They may be viewed from any point vrith equal visibility 
and no surface reflection or glare, and they are washable. The ease with which 
the colours are handled and thrir intarpeatation of the painter's intentions 
appeal to artists. There is a wide range of posdhle effects, from brilliant 
luminosity to sombre tones. 

The chief objection to the paoce ss is the suscepti^ty of the surface to the 
effects of the acad*hearing fumes, smoke, and soot which prevail in varying 
concentrations in the polluted air of our towns and dries. Few accurate 
mauuraments of such impurities have been recorded, and the effect of 
various concentrations on frescoes has not been studied thoroughly, but it is 
generally agreed that fresco is impractical for the exterior decoration of 
buildings in this age. However, when used indoors and under the same or 
even somewhat more severe condidons than are imposed upon other works of 
art, it is absolutely permanent, accordi og to its pracriuonere and to most of the 
practical evidence </£ modem rimes} some chemists (not eo many as formarly) 
ara still of the 0 {njuoa that it is not. Much research remains to be done on 
this point, and also on the problem of increasing the resistance of fresco to 
Ari d fumes without changing the natxire of the technique. 

AIR Pollution in Citirs 

Few rmearches have been directly undertaken to determine the extant of 
air pollution in industrial centres and its effect upon the dttrsbility of murals 
and other works of art, but some data taken at random from the many studies 
made on the effea of atmospheric impurlriee on building stones and on 
health, show that the impurities have more than one destructive effect. 
Abrasion is caused by wind-boma parriclesi chemical raacrioa is caused by the 
sulphur-bearing gases esoitted from chimneys; solution of the calcium car¬ 
bonate in msirble, limestone, sandstone, and mortar is brought about by the 
carbonic add which is formed by moisture and the carbon dioxide of the air- 
Perhaps the greatest damage is done by soot and dust partides, which con¬ 
tain the most injurious sort of materials; these fine partides chng to surfaces, 
and the rain, instead of washing them away, leaches out thdr soluble matter 
and spreads it over the surface, where it is sometimes adsorbed- 

The nature and amount of impurities in the air vary with the location 
and its type of industry or aedvity, and they change with the progress of the 
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tines. A large percemage of city duat in the lower lerels i$ now rubber 
(which centeiiia sulphur), cement, and asphalt^ in upper lerels the com¬ 
position veriee. The average climate, temperature, and humidity variations 
in England and the United States are as a rule more extreme then those of 
the localities where our techniques were ori^nally developed. The obelisk in 
Central Park, New York, which survived foT thousands of years in Egypt, 
bad to be treated with para^ to check its decay a few years after its anival 
here. One dngla period of heavy fog in combination with smoke can cause 
great damage. 

From soma of the older studies we find that the annual soot fall per 
square mile in Pittsburgh in 1911-12 was measured at 1051 tons; in Glasgow, 
620 tons; and in the centre of 1/^ndon, 426 tons. More recent Hguree indicate 
that modem conditions in large dries where no drastic regulations have been 
adopted, have not improved appredably. In 1957 the Chicago Smoke Abate- 
mant Commission reported an annual soot fall for the entire dty of about 
16,000 tonsi in various districts the estimate ran from less than 500 to more 
than 1000 tons per square mile. This was thought a highly o^ditable im¬ 
provement over bad conditions of recent years. It has been pointed out, how¬ 
ever, chat aa much as an 60% improvement in bad amoka conditions could be 
made without causing much practical improvement in the ultimate ill effects. 
According to Obermeyer,^* the annual soot fall in Pittsburgh in recent years 
has been 966'5 tons per square mile; on the basis of this figure it hai been 
computed that the annual economic loea caused by smoke is 110,000,000. 
According to examinations by modern methods, the air of New York, St. 
Louis, Cincinnati, end many other dtiea is no better. Efforts to reform these 
conditione have resulted in various degrees of improvement in various dties, 
but considering the importance of the subjea to health, cleanlineas, end the 
praearvation of property, the pogress of such reforms has not been great; 
although technical solutiooa of many of the problema involved are at hand, 
we can expect such conditions to be with us for some time. 

One evidence of the action of scid gasea is commonly soon when interior 
brass window and curtain fixtures which are intermittently exposed to semi- 
outdoor conditions exhibit a type of corrosion more severe than that normally 
caused by exposure to the action of a pure atmosphere. 

Ultramanne used in fresco, where some of ite surface is in contact with 
the atmosphere, is extremely susceptible to small amounts of mineral acids; 
early-wntten accounts of the fresco technique show that painters were aware 
of this reaction. At the same time, it is to be noted that the frescoes were 
considered otherwise permanent. The obvious conclusion is that the action 
of the atmosphere on a fresco painting is one of degree, end further research 
and experiment on the process may possibly result in a surface which, al¬ 
though not altogether acid-proof, will be sufficiently resistant to the actual 
or average concentrations of atmospheric impurities to remove all doubts as 
to its permanence. Such improvement might not have to be very great to be 
effective. 
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Historical Notrs 

A studj of the hisKory of the freeco technique thowt thatin lie recent past, 
up to the preaent-day reviral, no consideraUe number of artiste were eeer 
suffia^tly e^a^ in fresco painUng as practised during the ages when it 
was at Its highest p«at of technical exceaence, tobase opinions of Mrmanence 
under modem conditions on actual results. The bad repute into which the 
method had fallen by the end of the nineteenth century was based on isoUied 
essays into the field by individuals or small group* of painters, and they do 
not seem to have attained a complete undemanding of all aspects of the 
technol^ of the materials and methods, if we may judge by what we now 
hold to be the correct poocedurea. 

So far as we ^ the earUest heecoes of a highly developed nature 
technically were thoee of the lata ,%Cnoan period which have been excavated 
at Knosios m Crete. The proceas used was easentiaUy the same one that hu 
come down to us through Greece, Rome, medieval Italy, end the Renaissance 
Heaton” has made a cweful examination of the Minoan frescoes, and he 
demonstrates that they have great technical axceilencei then he traces a 
steady decUne in crafumaoship through the above-named civiUsations down 
to our limes. 


The fineti examples recoverwl from the pdace of Kaoascs were painted 
with well-prepared native eenha—a fine yellow ochre, a red oxide, another 
red made by burning the yellow, a mineral black made of shale, and 
an Egyptian blue frit. Greens were produced by miring the blue and 
yellow. 

The Minoans were expert plasterers and mural paintersj at one period 
most of their interior walls, including even those of the common dwellings, 
were frescoed. The decoritions were changed from time to time (perhaps, as 
Heaton suggests, in the spirit in which we change our wall paper) by rough¬ 
ening the surface of the old freaco end applying a layer of fresh {faster. The 
limestone which the lime was made was quarried near by, and the final 
layers of plaster consisted of pure Lime unmixed with other materials. Marble 
dust and sand were used in undercoats of rough plaster and in coarser, un¬ 
decorated plaster work or stucco, but were evidently omitted for the finest 
decorative surfaces. The usual method of plasteriog a smooth masonry wall 
was to give it a key by hacking and roughening it, then to apply one coat of 
the final plaster, usually ^ to ) inch thick, but in some cases a mere wash, just 
sufficient to bold the pegmenc. On rough masonry, stucco, etc., a rough coat 
of plaster was first applied; this consisted of lime, sand, bits of broken pottery, 
and Iometimee fragments of old frescoes. 

The relics of these frescoes after some 5000 years are hard and perfectly 
resistant to severe outdoor conditions. Plaster was employed not only as a 
decoration, but also as a stucco or protective coating on s<^t building stone; 
the above-mentioned account shows that its use as an undecorated stucco 
antedates its use as a ground for decorative work. The brilliant white, pure 
lime plaster bearing freecoes appeared in the late Minoan period. Some of the 
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Minoan &esco9S were aLo painted in b^cco (that i$, on dried plaster), according 
to Eibner. 

No examples of HeUenic Greek frescoes exists the Pompeian rolica have 
been considered the nearest thing to them bj some authorities. During the 
endre period of the Roman Empire, fresco was the customary method of 
mural decoretion. The frescoes of the Italian Renaissance have been studied 
in great detail and we have many technical accounts by writers of the period. 
Al^ough the process closely followed that of earlier periods, certain de¬ 
partures ^e pure fresco techn^ue were Initiated^ some of these were 
practised extenuvely by distinguished masters, and hence perpetuated by 
painmrs of later times. Among these innovations were the use of secco, 
touching up dried frescoes with pigments ground in egg, curd, or other bind¬ 
ing medium, and the addidon of small amounts of Hme or lime-water to the 
colours. The addition of lime naturally imparts a pale, chalky tone to the 
painting, and this has created the impression in some schools that frescoes are 
necessarily done in pale or * pastel’ dots. 

The actual materials used and, to a great extent, the manipulations em¬ 
ployed in the ancient frescoes have been made known to us through chemical 
and microscopic examination. Some of the early work sltows no traces of joins, 
such as are necessarily present in the known technique where the area of any 
one section of plastering is limited by the amount of work that can be accom¬ 
plished iu one day. This has been variously attributed to the possibilities that 
the work was executed by groups of painters instead of by one individual, 
that thicker end therefore more moisture-holding coats of plaster were used, 
and that soma lost procedure enabled the workers to manipulate the plaster 
so that it would retain its moisture for s week or more. 

Berger^' end others advanced the theory that fresco had its beginnings in 
the Byzantine roossicsi the cartoon was drawn on the wall, the cement applied 
in secdons according to the amount of work to be done for the day, and an 
outline for guidance in placing the tesserae was made on the mortar with 
pegments mixed with water. With the Cretan discoveries of the early years 
of the twentieth century, followed by other isolated discoveries in Europe and 
the Orient, this theory has been disproved, and the development of fresco is 
now usually traced from the practice of covering unsightly or soft, non¬ 
durable masonry with protective or smoothing coats of lime stucco, a pro¬ 
cedure of several primitive oviliudons. The coarser work done for the pro¬ 
tection of exterior masonry was left in its rough condition j the finer coats, 
applied to make walls smooth and level, were made white, as the technique 
was refined, and finally were decorated with pigments. 


Modern Practice 

The chemical and mechanical principles of fresco painting are quite 
timple, but some practice is necessary to acquire proficiency in the manipulsi- 
tions. This may seem to be a rather trite remark, as it appdiee to any ardstlc 
technique, but in the case of fresco painting it is impossible to gain even a 
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very good undemanding of ihe complete procase without a careful wudy and 
examination of the actual work in progress. The various precautions and 
instructions are all to be observed without omission. The requirements for a 
correctly executed fresco are outlined in the following pages. 

The Wall 

Obviously, the wall of the building should be perfectly immovable and 
not subject to shrinkage, settling, etc. One of the most important require¬ 
ments and one which ordinarily is of great concern to the engineer or 
builder, is that dampness, richer by seepage through porous material or by 
permeation through joints, comen, or flaws in construction, should be ab¬ 
solutely excluded. When mwsture penetrates a wall coated with the usual 
superimpoaed paints, it causes the paint to peel off^ in the case of exposed 
bricks, tile, stucco, or uncoated plaster, it invariably causes the affect known 
as efflorescence or whiskers. The moisture will disolve salts from the build¬ 
ing materials and upon seeping through and drying, will deposit them in the 
form of a tenacious white, mouldy-looking fUm on the surface. This is bad 
enough on ordinary stucco or mortar, but on fresco it is disastrous. The 
weakoning effect on the plaster, resulting in poasible crumbling or cracking, 
is obvious. 

It has been manuoned elsewhere that practices which wore originally 
function al sometimes survive to a print where they have become almost mean¬ 
ingless conventions. This fact is well known and often discussed, particularly in 
relation to building and architecture. We do longer are compelled to inhabit 
cave-like fortresses of stone and brick, but oiu* present chrices of architectural 
design are still influenced by archaic standards. 

Moet published accounts of fraeco printing go into detail on the subject of 
the preparation of single-story brick or stone walli resting on foundations 
set into the earth. The mural printer of todey, however, more often paints 
on what is practically a faster sveen or curtain suspended in a steel cage and 
isolated from the severe conditions which surrounded the older types of wall. 
Air conditioning is another factor which waa entirely unknown to nioeteenth- 
and early twendeth^eotury technicians, and the conditions under which 
a fresco may now be preserved in a modem building are a great improvement 
over those of eerlier times. The fresco pncaes, developed though it was in an 
age of rock and brick construction, remains admirably suited to interior wall 
decoradon. On the other hand, present outdo«» conditions, especially in large 
dries, make it necessary to discard outdoor fresco, and adopt some substitute^ 
if the current interest in mural decoration continues, ons of tbs alternative 
means we now have at hand, or some process or itnproveiDeot yet to be 
developed, must be employed for exposed surf aces. 

The ffrst rule in any sort of wall plastering, as in most applications of 
coatings to surfaces, is ti^t dampness must be excluded as much as posrible; 
second, it is desirable to guard the piaster from extreme temperature fluctu¬ 
ations, so that the expanrion and contraction vrill not be too sudden. 
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CroatiDg an air space between the outer wall or shell of a building and the 
plaster by constructing a screen or false wall upon which the plaster is laid, is 
one of the most effective precautions in meeting the above requirements. In 
ordinary building construction this is known as furring. An exterior wall that 
has been furred affords protection against moisture either by seepage through 
masonry joints or by leaks. The insulating effect of the air chamber causes 
temperature changes to proceed more slowly^ consequently, there is less 
violent expansion and contraction in the plaster, less poeaibiluy of condense^ 
tiOD of moisture on its surface, and greater isolation the mechanical 
strains and stresses of the wall. The furring on ordinary walls usually creates 
an air space of ^ to 1 inch. According to traditional procedure, the brick false 
or inner wall to hold the plaster of a fresco is erected at various distances from 
the exterior building wall, depending upon the particular conditions of each 
case and upon the judgment of the builder. 

Ah the materials of building construction as well as the soil or rock upon 
which the building rails are continually subject to expansion and contraction. 
A plastered wall has a considerable degree of elasticity and in a weU<on- 
nructed building where such changes are kept tc a minimum and proceed 
very slowly, the wall undergoes a ‘plastic flow' which takes care of these 
changes. If platter ware actually the ioQaxible, unyielding material it eeems 
to be, it could not be used. 

When fresco plaster is oppHad directly to a brick wall, tha wall, if old, 
must be well inspected for mechanical defects, and must be made as uniform 
as possible. All loose and irregular bricks and mortar must be replaced, as wall 
u occasional odd bricks whi^ would present a different degree of absorption 
of water. Where any acids or other cleaning solutions have been used, they 
must be roost thoroughly hosed off{ greasy or oily spots may be burned out 
brick or concrete vralU with a blow torch. The face of tha wall should be level 
and plumb, the surface itself rough or porous^ if neceasary, it should be 
hacked to ^ve a key or bond for the plaster. In the same way that oil paints 
are taken from the brush and mechanically bonded to the surface by either 
tha tooth (roughness) or the porosity (absorption) of the surface, plaster is 
attached to brick, stone, and hie. The surface must be either rough or poroiui 
it need not be both. Common brick is rather smooth, but it has the correct 
porosity. Most clay tiles are non-absorbent, but those intended to be plastered 
ere made with a scored surface. If a tile or brick wall is both smooth end non- 
absorbent it roust be hacked ell over in order to give it a roughness which will 
serve as a bond. Mortar joinu must not protrude beyond the face of the bricky 
if any of them do, they must be levelled or they will cause thin spots in the 
llrst coat. These spots would be struaurally very weak and would also have 
a water-absorbing capacity differsni from that of the rest of the surface. 

Efflorescence, which has been referred to previously, may be caused by 
soluble materials present in tha brick of the wall; particular attention must be 
paid to bricks which show any evidence of whiskers. A black plastic or liquid 
coating made from a variety of asphalts and similar substances (free from 
coal tar) is used industrially as a plaster bond, because it isolates the plaster 
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from the wall and preyents anj water from coming through, but it is not 
recommended for the higheet type of ordinary plasterings according to 
government standards it is not a suiuble or permanent enough substitute for 
furring- Such materials, howerer, are the best sort of water-proofeie and are 
excellent for sealing the back of a portable fresco panel which has been laid 
on metal lath, for waterproofing exterior walls faior to furring, for use at the 
joints where water may seep through, and for overwaning unusual danger 
from dampneas in spedal instance. 

Walls made of Portland cement sometimes hare the property of exuding 
leitance, a gelatinous materiali hacking the wall will remove it. For general 
cleaning of old walls beftff e plastering, a hose and a wire brush are used. As a 
rule, the ordinary Portlaad-comeni wall is too Ukely to exude soluble salts to 
be recommended as a suitable surface for freeco plastering. 


Lime 

Lime, quicklime, buret lima, or caustic lime is calcium oxide (CaO). It 
has been made for thousands of years by burning native calcium carbonate 
(CaCOt) together with wood in specially constructed simple kilns, the calcium 
carbonate occurring in various degiM of purity is the forms of limestone, 
chalk, marble, and oyster shells, lime was used ai a plaster and mortar in 
practiciUy every primitive dvUttaiion except that of Egypt, where, due to 
the perfectly dry climate, plasters made of Nila mud and gypeum sufficed 
until lime was introduced by the Romans. 

Various impurities are contained in commerdal limes, according to the 
composition of the ori^al raw material itsed. Those of high purity (90 to 
95% or more) are known as high-calcium limes and are best suited for freKo 
purposes. Those containing from 5 to 90% of magnesia are called magnesian 
limes end are known also as poor or lean limes, tn the trade, the very purest 
varieties (95 to 98%) are called fat or rich limes. An average approximate 
analysis of the impurities in a best-grade lime would show iron and alumin* 
ium oxides, silica, and magnesia in amounu of less than 1 % each. 

The SlaMinf of Ume. When lime is mixed with water, a chemical re* 
action occurs, and the produa is caldum hydroxide, Ca(OH)^ which is 
known as slaked lime or hydrated lime. Theoretically, lime will combine with 
water to the amount of 52^ 1% of its waighti actually, it takes somewhat less 
on account of its impurities. It must be understood that this figure is stoi¬ 
chiometric (based upon the figures of a chemical equation) and the resulting 
product would theoretically be a dry powder. Because the heat generated by 
the slaking of lime evaporates a considerable amount of the water and because 
an excess amount of water is required to miy the hydrate to a dispersed, 
colloidal paste or putty which will have exactly the c o r r e el plastic properties 
required of it, approximately twice the above amount is actually used. 

It is important that all the water be added at once and quickly mixed with 
the entire amount of lime^ rapdly slaked lime tends to be colloidal, slowly 
slaked lime to be crystalline. It is impossible to ^ve any exact redpe because 
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of the variability of the factors involved, but approiimately five gallons of 
water is used to each fifty pounds of lime. Too much water will produce a thin 
mixture instead of the desired plastic puttyj too little water will cause ‘burn¬ 
ing’ of the lime or will not produce the desired firm cementing of particles. 

The heat generated by the slaking of lime is considerable, sometimee 
reaching 400® C. or more, and it may very well be a fire risk, especially in a 
wooden container. Distilled water, which may usually be purchased in five- 
gallon bottles, should be used, in order to eliminate the possibility of intro¬ 
ducing soluble salts into the wall, os mentioned elsewhere. 

It is necessary to age the lime putty before using it^ ageing improves ita 
plastic qulaities and is also a safeguard against incomplete slaking. Freshly 
slaked lime contains unslaked partidee of active quicklime, which will com¬ 
bine with moinure after the plaster is on the wall, causing the defect known 
to plasterers as blowing or poppng. 

Three to six months are tlie minimum ageing periods mentioned by 
writers on the subject^ most fresco painters would prefer a year or more of 
ageing. There seems to be no limit to the improvement in plasticity which 
comes with time. This Improvement is undoubtedly due in part to a change 
in the structure of the putty, resulting from Increased dispersion and colloidal 
quality^ it is also posnUe that a minute amount of carbonation occurs during 
ih9 sgeing. Pliny* recorded that the plasterers of his day demanded lime that 
had slaked for three years in order to avoid cracking of the wall. 

Aged slaked lime putty is sometimes available through building supply 
dealers^ in fact, most fresco painters will not bother to prepare their own 
unless they are compelled to, although those with storage facilities will some¬ 
times lay down a supply of the aged product for further ageing. Idme putty 
must ba kept from freezing, which would destroy its usefulness completely $ 
therefore, fats for its storage are dug well below the froet level. Usually the 
pre-agad putty is prepared from the highast-grade material^ the dealer is well 
aware of the requirements for a satiifactoiy product, and in view of the 
trouble and investment involved anyway, it would scarcely be worth while 
to subetitute an inferior lime for the sake of a small difference in cost. 

Lime made from finely divided raw materials is fine and powdexy^ that 
made from coarse lumps of limastone is coarsebut much of such coarser lime 
is pulverized before being placed on the market. Americsm powdered limes 
are generally preferred to lump limes because they keep better. Lime is sub- 
jea to air slaking, that is, to being acted upon by moisture from the air j this 
process will eventually convert it into celducn carbonate, after the manner of 
the forming of bisinco sangiovanni, the white p^ment described by Cennini^ 
and which can easily be made by moul^fing the lime putty in small pieces and 
exposing it to the air in a dean place for a few months, whereupon the lime 
becoxaee pertisdly carbonated and an intimate mixture of caldum hydrete 
and caldum carbonate results. When this happens to powdered lime in 
storage, the carbonate formed on the surface protects the bulk of the meterial 
from further action, but when the lime is in lump form the entire supply 
may be affected. 
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High-caldum limes, wMch slake rapidly, produce colloidal putties far 
supenor to those of the slow-slafcing ‘poor* limes, which lend toward the 
production of gritty, non-plaslic masses. Ready-slaked lime sold as a dry 
powder under the name cd hydrated lime is unsuiuble for fresco or for a 
number of other fine plastering uses, as it has the wrong plastic qualities and 
will not set to a coating which has the dedred properties. None of the Tarious 
gypsum, magnesian, or paoprietary plasters in use for common plastering 
may be employed. 

Pure slaked lime putty is not in general use as a plaster; it is made into a 
mortar with inert ingredients before it is applied to the wall. 


The Mortar 

The mortar is composed of slaked lima putty and sand; often part of the 
sand is replaced by marble dust. The funcbon of the sand is to strengthen the 
plaster, principally by eliminatiog shrinkage of the mass during diyii^. 
When the correct amount of sand is used, and the grains of this coarse, inert 
material touch each other, the finer particles of lime or cement surround 
them and fill in the eoids beivreen them. When this condition prerails, any 
shrinkage of the cementitious material in the mortar, from loss of moisture, 
etc., will only tend to bind the mass more tightly; a more porous condition 
may be the result, but the mass cannot shrink to leaser bulk than is main* 
tained by the inert material. Formerly great stress was laid on tha use of 
sharp, jogged grains of send, but according to preeent opii^oa, rounded grains 
or at least a mixtort of sharp and round grains will form an aqually well* 
knit, permonent mass. The size of the pardclee, their uniformity, and their 
freedom from soluble impurities are considerstions of more importance. The 
sand should be as free as postibte from salts or other water-soluble impurities; 
hence sea sand is usually rejected. Sand or marble dust which requires wash¬ 
ing must be tboroi^hly dried before it is used; lime putty will not adhere to 
it or bind it well if it is wet. The so-ceUed marble dust in common use is more 
accurately described as marble chips or grit, as it is usually in the form of 
roughly cubical or pyramidal fragments. The coarser Teriety used in under¬ 
coats averages about ^ inch in diameter; the finer sUe is more granular, the 
largest paces in it running about A acroas. A still finer, more uniform 
▼ariety known as marble flour is leas often used in fresco; it is a coitm powder, 
finer than the usual sand. A very fine grade which meets paint pigment 
requirements is also available. 

After the trowelling, the marble chips which lie on the surface of the wall 
will usually present thrir flat sides or facets to the surface, and they impart 
a sparkle to the final work. The colour* do not take on these tiny freckles. 
Well-aged lime putty will fill in the vtnds between the sand or marble dust 
effidentiy and thus lubricate or plasticae the mass, as well as insure a maxi¬ 
mum cementing action; freshly-slaked lime whose properties are less colloidal 
is more likely to leave vtnds or air spaces. 

For maximum strength onH durability, all ^astic materials are applied in 
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gradated layers, the first layer being the coarsest and the last being the finest. 
This pnodple, adopted in all modern engineering and construcdon work, was 
Icnown in prehist^c times and is mentioned by the earliest writers. In 
modem ort^uary wall plastering, the average construction for best results is 
as follows. The first or scratch coat applied on lath is composed of 1 volume of 
lime putty to 1J of coarse sand. Hair or fibre in ^ to 1 inch lengths is often 
Quxed with this coat to prevent the curled plaster from dropping off the rear 
of the lath before it sets. On masonry, 5 volumes of send are used to each part 
of lime putty. The second or brown coat contains S volumes of finer sand to 1 
of lime putty; and the finish coot is usually naat, that is, straight plaster 
without sand. The usual fresco practice differs &om this in that the final coat 
also contains sand or marble dust; it differs, too, in the manner of trowelling. 
Usually in the first coat for fresco, 5 parts of coarH sand to 1 of lime are used. 
Best practice calls for somewhat finer (but still coarse) sand in the second or 
brown coat, 2 parts to 1 pan of lime; part of it may be replaced by the coarser 
marble dust or chips. The painting surface is usually 1 pan of fine sand and 1 
of lima putty. If fine marble dust replaces some of the sand, only enough Co 
produce the sparkle effea should be used, or the poroeity of the wall to the 
colours will be too greatly impadad. It should invariably be sparser than the 
coarser marble chips which are used in the underlying coat. Fresco pointers 
are beginning to adopt the trade plsisterere' practice of replacing half of the 
lime putty in the undercoats vrith Portland cement, a procedure which nulli* 
fies many of their efferu to keep soluble salts out of the wall, since efflo* 
rescence is ordinarily to be expected on Portland cement aurfaces. The first 
efQoroscenoe from Portland cement is usually the worst, and the wall should 
be illowed to dry out thoroughly for some months so that any crystalline or 
gelatinous matter which forms may be scrubbed off. The velue and the 
proper use of Portland cement in fresco piistering have not been completely 
established. 

Th« Hardening of Mwtar. The first stage in the hardening of mortar is 
the evaporation of most of the excess or surface water, resulting in what may 
be called the initial set, when the plaster, although still wet, assumes a firm¬ 
ness and solidity, The length of time this requires varies greatly, depending 
upon the proportions and nature of the ingredients, the thickness and ab¬ 
sorbency of the coats, etc. In the surface coat it is desirable that tliis point 
should be reached as soon as posable in order to conserve valuable working 
time. 

Neat, water continues to evaporate until the wsll is diy to the touch, and 
at the same time carbonation be^; the surface celcium hydrate, Ca(OH)s 
slowly combines with carbon dioxide, which is always present in the air, to 
form calcium carbonate. 

C8(0H),+COr-^aCO, + HjO 

Here, the fresco painter derires the action to proceed as slowly as possible 
in or^ to prolong the working period, and many of the stringent rules and 
r^uiremems for the lime, the other ingredients, and the method of applica¬ 
tion, were established with this in mind. 
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lime ia partially or alighUy soluble in water} as a result of this propenv 
when It IS mixed with water aa in the case of the mortar or plastic put^ fw 
use m fresco, the water content of the putty will cany a small amount of 
caJaum oxide in true solution. If this Umewater be separated and allowed to 
dry on a non-absorbeni surface, it will deposit a hoe white rendue of hyd- 
ra^ lime, not in the form of a continuoua film, but aa powdery partidea. 
When the mass of mortar dries, however, the Ume from the solution has the 
iw^ny of combirnng with the coarser undias-^red partidas in the manner 
of a binder, effecting a rock-like coherion. In the language of mineralogy such 
a matenal (which occurs in nature in those geological fonnaiiom which have 
been deposited from water solutions) is known aa a sinier. Many natiTe rocks 
such aa sandstone, etc., are porous, and at the same time bound in a cohesire 
mass; some of them conisin calcium and some contain sUica binders. Lime 
happens to be one of those exceptional meteriala whose solubility » greeter in 
cold water than in hot} with the temperature dungea of slaking, the amounts 
of hme in solution and in suspension change} 10,000 pans of water will 
dissolve about 15 parts of lime at the freeting point, about 12 puts at 70® F 
and only about 6 parts at the bcding pone. Not all of these matten concern 
the fresco ^nter directly, but they are mentioned to demonstrate the intri¬ 
cate chemical and colloidal reactions which enter into the slaking and 
hardening process, and to show that there are definite reasons for the swupu- 
lous observance of the verious precautions recommended by expert fresco 
painters. ^ 

It is customary to explain the binding action of line by relating it to the 
action of a Uquid binder such as is emjdoyed in oil or tempera painting, 
thereby implying chat a continuous film or •kin of transparent calcium car¬ 
bonate entirely surrounda the particles of the mass, and locks in the pigments. 
The action of the calcium cwbonate, however, is purely a binding one, and 
does not include any locking-in of particles. When a wall surface is converted 
from lime to caldum cuboaaie, although the surface will not merge with 
fresh plaster into a homogeneous Uyer, it dbes not consist of a continuous 
skin, but rather of a porous mass of cohetive particles, none of which is pro¬ 
tected in any way from atmospheric action. During the setting of the plaster, 
the chemical action is accompenied by a colloidal action, the semi-soluble 
particles being surrounded by lime in a gel form; but upon hardening, this 
gel acts only to cement the particles to each other and does not encase them 
in a protective layerj it is the same material as the particlee themselves. 

Plastering 

The technique of applying the plaster should be learned by the painter 
by practice} although in ordinary cutnunstancee an assistant or professional 
plasterer may do the work, an intimate knowledge of the cause and effect of 
various conditions is necessary for proper control of the fresco. 

The technique of throwing or applying the plaster to the wall differs 
from that of the ordinary plasterer-craft&man, and persons who are ezperi- 
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enced in the customary procedure of wall plastering, either amateurs or 
trade plasterers, must Erst learn that the work should be undertaken on an 
entirely different basis in order to meet fresco requiremenU. The plaster is 
forcibly throvm on the wall and spread with rather short, pounding blows of 
the trowel, a minimum of strokes being used to secure an even, natural Enish, 
The longer, more graceful strokes of the expert trade plasterer are dis¬ 
carded, as well as his practice of floating the surface. The object in this case is 
to obtain a normally porous wall which will hold much water when moistened, 
whereas in the common technique, denseness, solidity, end rapid drying are 
the requirements. For the final coat, however, the trowellmg is continued 
until the desired polish or uniform smooth, plane surface is sttained, and a 
float is commonly employed. 

The CTBckiog of a plaster surface in an all-over web-like crackle design 
may be caiued by too rich a lime putty. This can be overcome by continued, 
careful trowelling, as is well known in ordinary plastering practice: but if 
trowelling or floating is carried too far, a non-froeco surface is likely to result 
^thatis, a surface that will not allow tha pigmants to penetrate and be held 
by the setting plaster. 

The defect known to trade plasterers as map cracks, which is an all-over 
crackle of straight Unas 6, 6, or more inches apart, is invariably due to in- 
suflicienc adhesion or bond between the coats of plaster. 

Methods of Procedure 

Under ordinary drcumstaoces the mural painter, before commencing a 
fresco, will have assembled a rather complete sat of plans, usually including 
a yitusUaatioii of the entire painting drawn to scale in full colour, separata 
detail sketches of all or most of the significant parts of the work, and a number 
of sketches of individual elements. Scme^mes moet of this detail work is done 
in rather outline form so that the artist may alter or finish the plans as he 
sees fit during the latter stages of the work whan a full-sized design in stu 
will give him s belter idea of what he requires; other painters prefer to work 
out everything at the start and follow the original plans down to the last 
detail. 

The next procedure is to enlarge these small sketches to actual size, and 
draw tham in outline on dewil paper, a strong yellow paper which comes in 
wide rolls and is used principally by architects and engineers for their pre¬ 
liminary work on plans, maps, etc, These cartoons, from which the design 
is to be traced directly on the wall, sod which are to be used at least twice, 
should be carefully rolled up and numbered, and the points where they come 
together should be in careful, accurate register. When they are entirely 
completed to the satisfaction of the artist their lines ere perforated, an opera¬ 
tion moet easily accomplished by running over them with a perforating 
wheel of the type which turns or swivels freely. Some painte« prefer to go 
over the lines with a non-metallic point after the cartoon is fastened against 
the soft wall. This results in an indsed line on the plaster instead of a coloured 
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line, and by some is taken as an essential ogn of genuine fresco. Enlargine or 
c^tooni^ IS commonly done by the familiar method of »qu^§?1he 
original drawing, with the usiatanc. of an architea’s and enX^r^s^es if 
necossaty, and drawing the larger carmon freehand in reUS^e s^^lti 

on . large scsde either on pa^^r^ 

and^^r^r*, Ta- It* “““bar of assUtanu the artist has, 

... 

P>^nnn «7 «,,« of platter are • 

appW as j«yi^y described, and when the last <nat befbie the mp coat is 
just firm and hard enough so that it will not be sariously dentad or injured by 
mch manipulauem, the detaU-papar rolls are fananed to it and thi 

^uticedthroughtheperforationswithaUttlemusllnbagof dry colour Thaw 

w.wrTeirrera'I'^h'":'’"^ 

f ®“' «> “y daaired degree of 

f. .tf " 1“ ^ "hen the final coat of^aster 

*''*''*** •**““' *bi8 complete preli^niry 

eri.Tnd r of 1 part of fine sand and marble 

dTe ini^ , p “ PTTioudy mentioned, and a. won « 

the "‘aka* K poeoble, the eenoons are traced upon the surface and 

^imed voth ^eviously prepu.#.! colours selected from the fresco pelette list 
{see pe^ 75). Colours for fresco peinting must be ground with disUlled weter 
on a slab with e muller until they ere is fine and smooth as it is possible to 
make them ^ hand^ding mathods. All the freeco |»gmenu wiU giye 
transparent effects when diluted with much weterj when they ire applirf to 
the wall m teywal coats or in heayy concentrations, they will all produce 
opaque Mlour effew, including tbow peodudng transparent or glete effects 
in Oil The coioun in a final dry fraico painting are Tejy ilmilar in hua to the 
onginal dry colour*, but the brilliant white of the piaster wall impart* a 
luminoftty to them. Transparent colour effect in lias medium is caused 
entirely by the sparsene** of lagment paiticlee in a paint well diluted with 
watery when the glaze colour* are ai^ed solidly, they function a* body 
colour* and their effect* are thoae of their mass tone*. 

There are a number of Turiaiion* in painting manipulations in fresco, but 
fw technical and optical reasons most of the colour u appUed with the point 
of the brush in e sin^e-stroke hatching manner. Among the feature* of the 
technique which appeal to painters are the manner in which brush strokes 
are taken by the wet surface and the number of strokes or length of single 
line* that can be drawn without rejdenishing the brush. 

The final coat of plaster upon which the painting is made is applied over 
the f^liminapr drawing on the undercoat in aections Hmited by the amount 
of painting it is posable to execute in one day or working period. In order to 
make the joins between these area* a* inriahle as posable, it is necessary to 
plan them carefully and to have their border* follow a line of the drawing at 
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the mtersection of colour areas. When the day*s work is done, any exceaa top 
COM is carefully cut away with a bevelled cut of the trowel or knife so th« the 
application of an invisible join for the next day’s work is made easier. The 
colours ndU not be absorbed equally at these joinsi this point plus the fact 
that the final dry freeco colours are different those of the liquid paint, 
have been greatly emphasized by writers as flaws or difficulties of the process. 
However, the transposiuon of colour hues and values from palette to wall and 
the manipulation of colour effect at the joins, are soon mastered by students 
of the tedinique and are not matters of great concern to the practical fresco 
painter. 

The work is always begun on the upper left-hand corner in order to avoid 
spattering and other demeges when the following sections are plastered and 
painted; and because the brushwork in fresco is a fresh, spontaneous tech¬ 
nique, the mixing and gradehon of various tones is done on the palette or in 
jars, the colours being applied to the wall as much as possible in a direct 
manner. Blends are made by hatching with the point of the brush, and care 
is taken to keep the painting from being overworked. A corrac^on is ben 
made by emitting out the undesired part of the final coat with a sharp knife 
and uowel, pr^erably within thirty hours after its application. Cuts are 
bevelled, and the areea replaatered with fresh plaster. 

A majority of the present-day American, Mexican, and English painters 
use pure water, while the addition of limewater seems to be more often 
favoured by the Germans, French, and Italians (judging from their writings). 
Colours which contain such a binder dry to a resistant coating much more 
quickly than those ground in water only, but they penetrate into the plaster 
lees deeply, and tend to give a surface coating s^ect. It is not possible to go 
over such coburs with glazee or second coats without danger of ooo-adherence 
of the second coat. Painters who use limevrater with their colours also favour 
the use of lime as a white pigment, and of Poszuoli red, both of which have 
setting or cementing propertiss; but those who use pure weter favour the 
totiUy inert pdgments. As hes been previously indicated, the addition of 
limewater imparts a whitish or pale tone to the colours, because of the 
drying of the lime particles whi(^ it distributes throughout the pigment 
particles. 

Pona^s Frescoes. The idea of painting small frescoes in the studio so that 
they can be trensported and set into a wall, or of constructing a mural so that 
it is at least possible to remove it to another place in cast the building should 
be demolished or put to other purposes, has a precedent of considerable 
antiquity. Examples of frescoes produced in Crete 5000 years ago and ex¬ 
ported to neighbouring islands, have been found. A modem procedure is to 
fasten metal lath to a sturdy vrooden or angle-iron frame, made rigid by cross 
members. The frame is made deep enough so that the final plaster coat is flush 
with it, and the beck is covered with a layer of high-grade damp-proof plastic 
or liquid coaung such as is used in building construction. In order to increase 
ita rigidity, the lath Is soroetimes fastened to a solid board backing. Since such 
frescoes are seldom intended to be transported frequently, but ere made 
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only «that they be mored when Qe««My, no attention ia paid 

10 their great weight or cumbersome mnstrucdon. ^ w poic 

Secco Painting 

Although secco is an Kcepted, durable, and lagidmate technloue of 
m h“^ 7“® r"“" °f *e freaco procesa, 

wall pigment, ground tn an aqu*>u, binding medium, On* of the 
earh^de«n:^o« of the mcco proem, i, that of Thmiphilu.,* and in general 
the beat method, have not changed nihnantially dnea hi. time. The finished 
perfectly iy toe-pla«*r i, thomughly uid completely saturated with 
Umewatar (or hmyt. water) dm night before painting, in dm morning, the 
waU 1 . impregnated again, with a. much Umewatar a. it wiU abmrb. Fating 
1 . earned out on thi. mtte nirf«m a. in frmeo. but the coloum, instead^ 
bomggroundm witaroiay,oroinuod wiih a aoludon of casern. Some modem 
painters prefer either glue or egg-yolk as a substitute for casein. If the wiU 
becomes too d^ duH^ the painting manipuUtion., it may he kept moi« by 
^aj^ng with dmill«i water, but Ifit h*. bean allowad to beam* dioroughlv 
dry. It mn« be entirely re-tmpregn.ted with limmeater. AU moo pai^ng 
must be thinly applied. ^ ^ 

In general usage the term secco is not always nrictly confined to the 
tradmonti Umewash-casein. As in its original Italian meaning, it is often used 
to sj^ify any dry (as oj^nsed to fresco or fresh plaster) mathod of wall 
painting, and includes such work as regular umpera painting upon a per¬ 
fectly dry wall or over a driad fresco. ^ ^ 

Ca.eiu wlution it the ben medium for the limewadi type of «cco paint- 
ing, egg u also laed but may yield defeed.a rendu, eepedtUy when imufli- 
^nt actinic light reachas the mural during the beginning of its drying 
because ^g will not harden properiy without either daylight or heat, whereas 
casein will harden merely upon exposure to eir. The drying of egg, however, 
may be expedited by improvising a suiubU electric heating apparatus which 
can be passed close to the surface of the freshly painted mural. Soma success 
has bean reported with ultraviolet light used in a nmilsr manner. Such pro¬ 
cedures are based entirely on theoretical grounds and are by no means to be 
adopted as regular standard m e thods. 

It has been my experience that lime-casein grounds and casedn prints 
which contain lime in admixture are inferior to ammonia-casein mixtures, 
not only because thrir range of pigments is limited to the alkali-proof fresco 
palette, but also because such paints seem to have a much greater tendency 
to crack when applied in layers or strokes only slightly thicker than normal- 
Spirii Fresco. This term must be mentioned because it is sdll in drcula- 
tion among artists. In London, about 1880, a mural process called the 
Gambier-Parry Spirit Fresco was introduced and for a time received much 
attemion. The method was merely a system of painting vrith varnish colours 
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compoimded of materiale that would dry flat, would not run down the sur¬ 
face, and could be manipulated in a manner somewhat reminiscent of fresco. 
The process has long since been abandoned because of its shortcomings and 
iU unsaiisfaciory durabiUiy- 


Graffito 

The term sgraffilo was used in Renaiseance Italy to designate a popular 
method of decorating the frontt of stuccoed buildings. The process consisted 
of laying a coat of pigmented plaster over a coat of another colour and, before 
it had dried, lodring the derign through to the undercoat. In the traditional 
method black and white were used, but numerous variarions and elabora¬ 
tions, such as the use of many colours and the application of gilding, develofK 
ed. When lime plaster or white Portland cement integrally coloured with 
pigments is used, the method is permanent outdoors^ when white areas are 
surface^painted in fresco, they have only the doubtful outdoor permanence 
of fresco painting. The relief should not be to high that the linai will easily 
gather dust and dirt. Cement colours are mentioned under Scidpton' 
Materials. 

Murals in Oil 

Fleeter wells are technically ill suited for oil or varnish painting, yet most 
of 001 rooms are so painted for decoretive purposee. The leek of any great 
degree of durablUcy in ordinary interior wall painte is a motter of common 
experience. 

However, an artist is often called upon to paint in oil on plaster wells, and 
in such case he can do little better than to use as ground coats the white 
paints which are sold for interior wall decoration. 

. For permanent results, new plaster walls must be aged for a period of 
&om six months to two years before the application of oil palm. Free alkali 
remaiDing on the surface of fresh plaster has a destructive effect upon all oil 
or varnish coatings. Painters sometimee neutralise this alkalinity by treating 
the surface with a solution of two pounds of sine sulphate in a gallon of 
water, then allowing the wall to dry thoroughly^ but ageing is the better 
practice. As has been mentioned frequently, moisture is the most common 
enemy of oil paints, and the wall ihoidd be tested for dryness (see page $18). 
Plaster work in new buildings which are still subject to the settling of the 
structure must be aged longer than is necessary for fresh plaster in old 
buildings. 

Before applying oil grounds to plaster, the surface, which always varies 
greatly in absorbency to common oil paints over any considerable area, is 
ordinarily sited, either with a weak casein or ^ue site or with shellac which 
has been very much diluted with alcohol. These two materials give results of 
approximately equal value, and technicians are about evenly divided as to 
which is better^ if shellac is tised, care must be taken to see t^t it is applied 
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as a real size and not in such heairy concentration as to produce a gloss surface, 
or ihe subsequent coats of paint will not adhere properly. If an aqueous size is 
used, the wall must be allowed to dry out a^ain thoroughly before applying 
an oii roatingj it is perhaps safer to tnahe such a m oneself from pure glue 
or casein than to use the prepared dzes which are sold in point stores and 
which may contain alkalies or «her materials objectionable for artistic pur¬ 
poses where more than ordinary permanence is desired. 

Modem authorities on paint technology seem to favour a thin priming 
coat of specially designed paint apphed directly to the plaster instead of a 
sizing. The larger paint manufacturers and officiai and semi-official organi¬ 
zations in the field of paint technology have given the subject much attention, 
and ready-mixed primers, second coats, and finish roats bearing the labels of 
well-eatablished reliable makers are most lihaly to be well-balanced materials 
made in accordance with the most approved sundards. Such materials are 
never sold at cut rates. Requiremenu for a plaster primer include per¬ 
manent binding or attachment to {daster, production of a uniform surface 
upon which subsequent painting will take weU, good covering power, and not 
too great penetration into the wall surface. The formulation of a good plaster 
primer is a matter of experience, testing, and research. 

The second coat should dry to a mat finish and it should have good hiding 
power or opaaty as well as coraring or spading power j it should be white 
and reflect light well, and it must offer • good rurfeca for receiving and 
holding the final coat. After it has become thoroughly dry and hard, it may be 
sandpapered to remove surfece irregularities, if derii^. 

Sometimes an eggshell or semi-flat is piWerred to a dead mat finish for 
mural painting; raih surfaces usually present a more derirable degree of 
absorbency or semi-absorben^ for final work than does a deed mat finish. 
This coat should have extremely good hiding power, a high degree of white¬ 
ness end reflective power, tod should dry to a tough film. Many states have 
laws which require the formula of a mixed paint to be placed on the con¬ 
tainer, and any brand which has national dktributaon ordinarily bears an 
analysis. The presence of inert pigments in amounts not to exceed 10% is 
aometiines beneficial; hence these materials are not always to be considered 
adulterants. Examples are olica, which imparts tooth; asbestine, which pre¬ 
vents caking and settling and contributes to a mat finish; and blanc fixe, 
which imparts structural stabiJi^ to the film. However, interior wall fimshas 
are less likely to contain such materials than aro paints intended for outdoor 
use, because competitive manufacturers of indoor paints often sacrifice other 
properties for the sake of exoeme whiteness and easy brushing, the two 
properties which appeal most to the average purohaser. 

About the only prachcal alternative to commercial mixed paints for wall 
priming is a straight white lead paint, which, all factors into considera¬ 

tion, will perhaps serve as well as the ready-mixed wall paints. The rsznarks 
on deanhness mentaooed under Lead Poisoning on page 93 should be noted. 
The following series of coatings made of common, easily obtained materials 
is based on traditional standard practice, and paints of this sort are still pre- 
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ferred to the modem ready-mixed products by some painters. A comparison 
of the differencea in the four formulas furnishes a good illustration of the 
theory of normal flat and semi-flat paints described under Oil Pairuviff, The 
amount of drier listed is nominal^ it is recommended that tests be made and 
the amoum reduced to a minimum for 48-hour or longer drying. If the sti^ 
variety of white lead paste (pege 442), which contains no turpentine, is used, 
add one quart of the turpentine to each of these formulas. The ‘floor varnish’ 
is any gOM water-resistant varnish, such as interior spar. 

Priming Coai 
lOO pounds 
S gallons 
2 gallons 
1} gallons 
1 pint 

9} gelbns. Covering power, about 600 square 

feet of plaster per galbn. 


White lead in oil 
Reflnad linseed oil 
Floor varnish 
Turpentine 
Liquid drier 


Wluta lead in oil 
Turpantine 
Floor varnish 
Liquid drier 


$9Cond Coat—Flax 
100 pounds 
gallons 
5 quarts 
tiani 


6^ galbos. Covering power over the priming 
coat, about 700 square feet per galbn. 


White lead in oil 
Turpentine 
Floor varnish 
liquid drier 


Third Coai^Flai 
100 pounds 

1 } gallons 
1 pint 
I pint 


5 gallons. Covering power over the two preceding 
coats, about 800 square feet to the gallon. 

A semi-gloss or eggshell finish may be obtained by a further variation of 
this formula, as follows: 


White lead 
Turpentine 
Floor varnish 
Liquid drier 


Sffgshdl Finish 
100 pounds 
f galbn 
1^ gallons 
If^t 


5^ gallons. Covering power over first and second 
coats, 700 square feet per gallon. 
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A modem allomatiTe to these formulas calls for the ^ise of lead mmncr 
oU, which js a comUiution of cooked hnseed oil, tung oil, and mineral spiiit 

MaxeriaU PHriungCoat Second Coat Third Coax Semi^Gloss 
White lead moU 100 pounds lOO pounds 100 pounds 100 pounds 
Leadmbdngal 4to5gallons Sto + gallons 5to4gallons IJ gallona 

To the semi-gloss formula, add 5 gallons of waU primor. The corering 
power of each of these paieu is about 800 square feet per gallon. 

Volume measurements for white lead in ml are given on page 425 . 

Wall paintings in ml must be executed in as smooth and thin a manner as 
possible considering the artist’s intamioiu and technique. Howerer, if one 
aitempu to dilute a paint with excesdTe and baphstard amounts of thinner, 
w with wax and ami^on mediums, the duralwliiy and strength of the film 
is decreased. Application of damar Tarnish with a spray^gun is an approved 
method of finishing or protecting the surface; a Trax coating such as is 
mentioned on page 287 is also recommended. Industrial mat vamishas are 
liable to accelerate yellowing. As previously mentioned, a glossy surface is a 
normal characteristic of the oU painting procwe, and any attempt to eliminate 
it by the admixture of certain materials or by the use of special coatings or 
highly absorbent grounds, will result in the sacrifice of important qualities. 

Painting on old wells which have been preriously decorated offers further 
complicenoni. If a water or emuloon paint was used in the first place, eTaiy 
reftige must be washed off with warm water and coarse sponges, a little 
ammonia being used if necessary. Oil paint can be Mndpepered dovm, and 
when remxienu and trecee remain, especUUy if they seem to be well at¬ 
tached, smooth, and hard, they are better left on than taken off with paint 
remover. The volatile solvent ^rpe of commerdel punt remover will deposit 
peraffin wax in the surface, end will weaken any remnant of old paint which 
clings to the wall, leaving an insecure bans for further overpaiuting. 

Hanging Mural Canvases 

Mural canvases are attached by the use of various adhesives to platter 
walls or other surfaces wluch have been made level end smooth. The tradi¬ 
tional method is to coat the well and canvas with a even layer of white 
lead ground in linseed oil to a stiff paste, uring Urge spatulas and the sort of 
knife referred to elsewhere as a wall^oaper. The canvas is applied either 
from the roll or flat, according to drcumstances end the judgment end ex¬ 
perience of the worker. Ruhber-surfeced hand rollers of sturdy construction 
are used to force it into contact with the well and to work out wrinkles, air 
bubbles, etc. The pressure exerted and the strokes used require skill learned 
hy experience. 

The process goes back to an eariy date. Some of the old formulas call for 
adding Venice turpentine to the paste to increase its adhesiveness or working 
properties; such a mixture can be brushed Trith a stiff bristle brush on both 
the wall and the canvas, as well as ep|died with a trowel. Both methods of 
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application are is use at present^ sometxinee damar yarnish is preferred to 
Veoice turpentine. Most inatruccions call for a specially made, very stiHIj 
ground white lead paste, hut the reg;ular commercial product is in general use. 
Some modem white lead in oil contains turpen^ne for convenience in mixing 
it into house paints^ this vanety sliould preferably not be used. For brush 
applicahon to the wall enough varnish should be worked into the white lead 
to put it into a short, buttery condition, and for brushing a thin coat into the 
back of the canvas a further amount must be added so that the mixture is 
nearly as thin as a liquid housa paint. 

For the application of oil coatings, new plaster walls must be completely 
and thoroughly dry^ bast practice demands that they be at least three months 
old^ after a year they show little change. Plaster walls in new buildings may 
develop cracks while the building is in process of settling or finding itself, end 
architects sometimes recommend allowing two years to intervene between 
the comple^n of a new building and the painting or hanging of a xnural. 
Cracks and holes should be filled in with plaster, gesso, or Keene*s cement, 
which will dry completely in a short lime. Architectural and engineering 
standards allow no more than 5 to 9% moisture ^ the moisture can be tested 
by the use of an electrical device (see psge 918). 

The hanging of mural canvases is always entnisted to experienced pro- 
feedonal workers { no important jobs should be attempted by persons inex¬ 
perienced with the particualr materials and method employed^ all new or 
spedal procedures or conditions mutt be tested or at least superintended and 
guided by rigid spedfications even when the job is done by sxperisneed mural 
hangers. Minor flaws and defects in the hanging are somedmei rectified by 
the procedure known to wrorkers as spackliog, that is, cutting away the 
defect sharply end filling In the space with a putty, plaster, or gesso plug 
which is textured and painted to match the surrounding areas. Plugs in 
plaster should always be undercut to prevent loosening and minimite further 
cracking, and care should be taken not to enlarge cracks or small defects. 
Blisters or loose spots are sometimes slit with a knife and pressed down with 
fresh adhesive. When it is necessary to join two sections of a pointing, the 
canvas (of one or both sections) is usually made a few inches longer than 
necaasaty and painted a little beyond the point where the two edges will 
come together. When the second esnvas is applied, it will overlap the first, 
and the surplus edge is then cut away hy ruling along the line with a sharp 
blade. This is known as a butt join. 

The principal disadvantages of the white lead method of mounting can¬ 
vases are the poisonous nature of the material, which neceseitatee careful, 
expariencad workmanship and the maintenance of cleanlinees (see page 95), 
and a tendenty of the oil to soak into and discolour the painting, especially 
with some types of canvases. The latter disadvantage can be overcome to 
some extent by thinly shellacking the rear of the canvas, a procedure which 
is not possible or advisable in some circumstances. The discolouration is most 
liable to occur when the picture has been painted on gesso or on a weak, old, 
or poor-quality emuldon ground. Walls must be sized and primed with at 
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lewt one thin coat of oil paint before tie white la«l paint b applied. Old 
pa^t on walls should be sandpapered in order to insure the proper tooth for 
holding the white lead coating uniformlj. 

When an ejcperienced painter plans a mural he considers all the details 
counted with banging the caneas or panel} if he employs a professional 
mural hanger he will go over these details with him in adyance. thereby 
obviating expensive, and annoying or disastrous complicatioiM which some¬ 
times arise when special or unusual complications are not fully considered in 
the original plans. 

Oth£r AdhBsiv^, Aqueous adheavea made from casdo, gum artbic, and 
venous mixtures of other gummy or rtarchy substances, are sometimes used} 
they have certain advtnta^ under some drcumsuncas. Some authorities 
condemn them on the basis that the water content will attach the ground, 
cause shrinkage of the linen, and make for poor adhesion by reason of iu 
aTtporation- Sometimes blisters are produced by the fomution of wawr 
vapour or other gases from the adhesive. Danger of shrinkage and water- 
vapour blisters is minimixed if the adbedva is such that it can be showed to 
stand fifteen minutes or eo after appticaaon and still be tackily adhesive 
enough for canvas and wall to bond with each other if the canvas ie hung then. 

A recently developed adhenve of particular interest in hanging mural 
paintings is a casein-latex cement which is an emulMon of a casain ^ue with 
rubber latex, commendaily made es Casco Flexible Cement and sold in 4 oz., 
2 lb. and 10 lb. tins. This material has lasting flexibUity and very good ad¬ 
hesive power, and ie well adapted to the cementing of two materials which 
have widely varying properties, such as degree of expand and contraction, 
porosity, etc. It has been succeasfuUy applied to a number of industrial uses 
including the mounting of la^ veneer, plywood, glass, and metal sheets on 
walls. The formulas of j^pared emulsions are not usually published; but 
inasmuch as the raw materials are readily obtainable, work could easily be 
done on standerdlzing various formulas to meet special requirements. 

This material is sdd in the form of a stiff paste to be applied like any other 
aqueous adhesive to both canvas and wall in layers of uniform, wail- 
smoothed thickness. For brush application it can be thinned by a careful and 
thorough admixture of very small amounts of warm water; on account of its 
emulsive character this must be done carefully, a very small amount at a 
time; a little too much is hkaly to destroy all its colloidal adhesive properties. 
Best results are obtained with tbi« material if the fuU^trength pressure of 
heavy rollers is applied to the canvas in place of the careful, more exactly 
balanced rolling which white lead receives. 

Although aqueous adhesves have been used aadsfsctorily for mural 
hanging purposes, especially by those who have g^ven the processes con¬ 
siderable trial and study, the traditional white lead method remains the 
standard and others are generally regarded as substitutes. The principal dis¬ 
advantages of aqueous adhesives as compared with the white lead paste are 
that they dry ox set too rapdly for ease in application, and that the moisture 
is liable to shrink the fabric, loosen the ground, or cause vapour blisters. Pr^ 
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fessioDaJ hangers, howayer, can succwafully mount the ayarag© gctod- 
qaahty oil-primed canraa with wallpaper paste. Semi-gesso and other can- 
vases which contain much aqueous binder must be very cauriousl j handled. 
Aqueous adhesives may also be applied to unpainted plaster walls which have 
been sized according to the regular wallpaper procedure. 


Gesso and Tempera on Walls 

Modern painters have executed murals in tempera on walls coated with 
ge»>, as one would paint an easel painting in tempera on a gesso panel, a 
procedure inspired, no doubt, by the artist’s experience in and preference for 
the tempera technique. The effect is usually adequately satisfactory but the 
method has certain technical defects. The possibility of safely cleaning such 
murals is doubtful; the claaning of tempera paintings requires professional 
restoring methods, and these are di^cult to apply to a verucal wall Gesso 
applied directly to old walls of either lime plaster or the more commonly 
found magnesian or gypsum finishing plaster, is of doubtful permanence 
because of the difference in structural properties of the two materials. In 
principle, the coating can be compared to one of the commercially prepared 
casein or glue wall paints ^ these materials have to be applied in the form of a 
very thin paint coating and may crack if piled up over planer to the thick¬ 
ness of the average gesso applicerion. Plaster walls, unless erected strictly in 
accordance with approved methods, do not always present the proper uni¬ 
form surface for permanent adheeon of comparatively heavy coatings with 
aqueous binders. 

Priedlein*^ suggests that walls to be painted in tempera should be 
specially plastered. Addition of a little casein to the mortar of a wall is said to 
increase its compactness, hasten its complete sotting, and prevent efflores¬ 
cence. A disadvantage, however, is the chemlcsl action between the cuein 
and the dissolved portion of the lime, which might interfere with the com¬ 
plete hardexung acdon of the mortar. The recipe given for this kind of gesso 
ground is 10 parts of lime mixed with 8 parts of casein solution, then 50 parts 
of sand and enough water to make a usable putty. The mortar is applied with 
plasterers' tools and can be smoothed further with e wet brush. For sirtboth 
or polished grounds use either marble flour, diatomaceous earth, or powdered 
fluorspar instead of sand; with the flrst two of these, use only 6 parts of caseiu 
solution. After this ground has been applied to the wall with trowel end float, 
it may be smoothed further with a wet brush. If it is applied to panels, both 
rides should be coated to prevent warping. I have had no experience with 
these mixtures. Fresco pigments woxdd have to be used. 

Another way of applying these easel-painting materials to walls is to 
mount linen on the wall vrith casrin or other aqueous adhesive end coat the 
linen vrith a gesso, uring preferably the redpe which contains formaldehyde 
(^venonpage 277 ). 

Painting with egg or other tempera mediums directly on recently dried 
or old plaster walls, is not e very weU-standardized procedure and is a subject 
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upon which a little well-directed research could be used to adrantage. 
Gypsum plaster wall* should be well &zed{ for egg icmpere, egg-yolk well 
diluted with water is perhaps the beet tiang. 


Painting with Liquid Silicates 

The contributions of modern scie n c e and industrial derelopment to the 
technology of painting bare been great. They have led to the perfection and 
control of materials, have given us an accarate undemanding of the methods 
of the past, and have supplied us with new and valuable additions to our list 
of materials. 

But there has been little progrese in the development of distinctly new 
processes of painting, and few important additions to the number of sound, 
tried, and accepted methods have been made. For bur serious artistic efforts 
we are still limited to the sundard methods of oils, water colour, fresco, 
tempera, and pastel. 

It has long been a goal of experimenters to develop a painting medium 
containing liquid silicates, becauM most of the compounds of silicon (one of 
the earth’s most widely distributed elements) are cbarecterized by properties 
of an extrecnely inert and unalterable nature. Sand and quartz (silica), clay, 
asbestos, talc, and glass are some of these nateriale. ^lice end silicates occur 
as binders in many reck formations. 


Water-Glass Methods 

In 1629, J. N. von Fuchs introduced a succaaaful method for the economi¬ 
cal production of water-glass (sodium ailicate), an alkaline, syrupy liquid with 
some binding properties, and he proposed a method, subsequently celled 
stereochromy, for executing murals which when dry would consist of a layer 
of pigment bound with silica. The process was taken up by painters, chemists, 
and inventors of all nations during the nineteenth century; the chemical 
journals and patent office files of the period ctmtain dotens of accounts of 
variatioos of the proc o sa and its application to artistic and industrial painting. 

The final improvement and standardization of the method under the 
name of mineral painting is credited to Adolf of Munich, and took 
place in the 1660’s. Potash water-glass (potattium siHcsu) was found to be 
superior to the sodium compound (see page 299). 

Unfortunately, the method has never been an entirely succ a aaful one. The 
material used, water-glass, is not >Tnrtn g the stable inert rilicates; it is an 
active material of a strongly alkali rie nature and it tends to enter into erratic 
reactions with the sort of materials most likely to be used as grounds. 

The water-glass or mineral painting procees depends upon a reaction 
between the plaster of the wall, the water-gUss, the pigment, and an appUce- 
tion of hydrofluosilicic add. No chemist would csire to hazard an o|4nion as to 
what is liable to take |dace when this process is used for mural painting on a 
plaster wall under normally variable conditions. It has echieved its greatest 
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success on vety carefully prepared special grounds, ratKer as easol than as 
mural painting. ■ 

Water'glasa is qq inexpensive, basic material which has a number of uses 
in iudustrid processes^ the industrial paint laboratoriee have given it much 
attention, but so far have succeeded in utilizing It in coatings in only a minor 
way. In produdng a water-resistant coating by itself it is perhaps inferior to 
an ordinary plain casein solution, to which it may be compared os to water- 
proofneeaj mild dampness will afFact but not destroy it^ wetting vrill not 
dissolve the dried material, but is likely to destroy its value in an artistic or 
decorative painting. Among its present-day uses, water-glass finds a large 
application as an adhesive and Is employed to some extent as a protective 
coating for wood, stone, and concrete, in which cases it acts as a sizing 
material rather than as a continuous film. It is not very permanent and in 
such uses requires periodic replacement. 


Silicon Ester 

A process which is at present being developed gives promise of resulting 
in the inert silica binder mentioned is the preceding account. Kingt has 
succeeded in producing psdnu in which the binder is chemically pure silica, 
and which under certain conditions will resist the most drastic atmospheric 
and chemical attacks; their colour effects and paint quality may be made as 
desirable as those of fresco, if not more so. The following is a simplified ver- 
sion of King’s explanation of the reictions of this product. 

Among the silicon esters or organic compounds of silicon, is ethyl silicate, 
which may be pictured as being a combination of alcohol and purs silica, This 
is a dsar, volstiJe liquid with a mild, ethereal odour, rttembling some of the 
volatile solvents. When it is diluted with alcohol to the proper degree and 
mixed with smell amounts of water, a chemical reaction (hydrolysis) oecure, 
producing alcohol and hydrated silicsi the laiisr is thrown out of solution in 
the form of a gel or of fine colloidal particles. The silicon esters were dis¬ 
covered in 1646 and their use as stone preservatives was suggested in 1860. 
Their first practical applications vrere the result of the work of King and 
some work by A. P. I^urie in 1925 on their use as stone preservatives, 

The actual chemical reactions are somewhat complex and involve col¬ 
loids] action, polymeruatioc, and intermediate chemical stages; the publica¬ 
tions mentioned go into these in detail. Only enough water is added to start 
the reaction and cause partial hydrolysis; at this stage the material is a 
finished painting medium. When it is mixed with pigments and brushed out, 
the reaction is completed by the action of the moisture in the atmosphere and 

"A complete account of Keim’s perfected process is fivcn by J. A. Rmnffton, 
Soeifty of Art4 Journal, Vol. XKXH, No. 1630, February 15, 1664; and e 
further account by Mrs. Lea-Merritt In Vol. XLIV, No. ^6, December $, 1895, 
t Kinf. George. *6ilicon Esters andthtir Application to Ae Paint lodustry.' Jour- 
nal ^ikt Oa and Colour Chemisu Asioeiatwn, Vol. XIII. London, February 1930. 

King, George a). ‘Silicon Ester Binder.’ fU) ‘Silicon Eiter Paint Medium/ Paint 
Manu/aoturt, London, April and May 1951. X less technical version of the above. 
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the internal changes of the alicon compounds. The alcohol eTeporatee and 
^e coUmdal silica soon sett to a tenacious gel, which, in thin films, becomes 
dry m a half-hour or lees, after which it can be touched and handled with 
ordinary care- (It can be painted orer with a second coat after the initial set 
which occurs in a few minutes.) After this the sUka gel, or hydrated 
slowly becomes converted to pure silica (silicon dioxide). At present this talcee 
from un days to four weeks, after which the coal may be scoured with allta- 
line soaps and a scrubbing brush, doused with add, frozen in ice, or heated in 
e furnace to white heat, without change. 

The defecto of the material in the present stage of its development are 
such as apply to its industrial use rather than to its use as an artists’ medium. 
I have experimented with the production and use of silicon esters since 1950, 
have uned painting mediums made from ethyl, methyl, and amyl silicales, 
and have found that very satisfactoiy paints for mural purposes c*n be made 
with these provided one » willing to go to a little trouble in preparing the 
palette for the day's work. The inconvenience of such preparations is no 
greater than that involved in setting tempera or fresco palettes, and the pro¬ 
cess is much simpler than that of fre^ painting. 

The coalings are strongly adherent to plaster, gesso, brick, tile, and Port¬ 
land cement, but the material is porous* and does not protect surfaces against 
decay j for insianca, it does not inhibit the rusting of iron, When painted on 
ground glass it is add- and alkali-proof and can be removed only by tbruion, 
but when painted on cement or other add-soluble maurial, it does not prevent 
strong liquid adds from penetrating the paint and destroying the ground. 
However, according to such tests as have been made, it seems to offer perfect 
protection against the highest concentrations of atmospheric acids likely to 
bo encountered in practice. 

The best criterion we have for evaluating the permanence of a new 
medium is iu resistaoce to severe accelerated test conditionsi from the way 
this material survives such tesu it seems likely that fsactical use over a long 
period of yean will prove it to be a penntnenc medium. Ben results have 
been obtained by applying it to a porous surface} it should be noted that the 
coating is purely a suifacs layer, and like any other paint is subject to the 
wear and tear of mechanical forces. I find that the m^um doee not form a 
continuous film} when used dear it has small value as a varnish or fixative} 
with laments its binding action is a cementing of fine particles, comparable 
to the action of the lime in plaster or of the binders or cementitious materials 
which occur in some natural rocks. 

Painting is done by grinding pigments directly in the medium, end be¬ 
cause the pigment particles are not locked in by • continuous film the acid- 
and alkali-proof fresco palette must be adhered to. If additional alcohol or 
other solvent is used to dilute the paint or as a grinding vehide for ths pig¬ 
ments, the layer may in some cases becocne weak and chalky. A painting 
technique is easily acquired; because of the rapid rate of evaporation of the 
medium and the absorbency of the surface used, oil painting techniques such 

* But see footaote, p. 255. 
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as smcoth gradations and bUnds are le«fi satisfactory than fresco hatching 
methods or tempera brushwork. The paint should be thinly applied, since 
heavy coats and too much overpainting may cause it to flake off. The colour 
effect is dmilar to that of ftesco, and as in that process transparent pigments 
function as body colours and transparent effects are obtained by dilution with 
the clear medium. A container of alcohol, ethyl acetate, or other solvent is 
convenient for rinsing brushes, but the solvent should not be introduced into 
the paint. Semlhardened or recently dried paint can be washed ht>m palette, 
brushes, end containers vfith solvent, but the thoroughly hardened paint can 
be removed only by abradon. 

Perhaps the most distinctive property of silicon ester paints is that they 
can be used with equally sticcesaful results on dry, damp, wet, or alkaline sur> 
faces, Including fresh plaster, although no water or allcah can be mixed 
directly into the paint without coagulating it. If any efflorescence comes 
through, the porous surface from soluble salts in the ground, it can be washed 
off with water. As mendoned previously, although the coating eppears per' 
feetly dry and set in e sliort time and will withstand a limited amount of 
handling and rubbing, the paint does not attain its full strength for several 
weeks. Outdoor muraU will not be injured by dampness^ cloths hung over 
them during the setting period would protect them from the mechanical or 
wearing effect of raindrops, but even this is probably not necessary. The 
previously mentioned general rule that no surface paint coating will with* 
stand the staining and peeling effect of moisture seepage * from the rear, 
applies CO these paints ss much as to others. 

The principal difficulty encountered in painting with this medium is its 
property of setting to a useless jelly in the containers after pigments have been 
ground in it. Because of iu re^d rate of evaporation, grinding cannot be done 
in the open on e slsb very conveniently. If this paint were made in com¬ 
mercial quantities it would be ground as pigmented lacquere are—in a ball 
mill, which is a revolving drum or barrel lined with durable material and 
contaiaing steel, porcelain, or flint balls or pebbles. The force of the balls as 
they tumble down upon the mixture of pigment and liquid exerts as good a 
grinding action as will be found in any other type of mill used for the pro¬ 
duction of liquid or semi-liquid paints. In large-scale mills of this kind the 
size and proportion of the mill and balls are matters of careful computation. 
Ball mills cannot be used for grinding heavy or paste paints. 

A small, inexpensive bell miU can be improvised by making a small 
wooden frame in which two rollers ere hung in any convenient manner; a 
pulley is attached to one of them and connected by a belt or rubber bend to a 
small electric motor. An ordinary fnction-top paint can, or a 5 or 4 ounce 
round screw-cap tin can (such as the ones in which cleaning fluids, etc. are 
sold) is half filled with f inch steel burnishing or tumbling balls, the pig¬ 
ment and vehicle are added, and the can is placed on the rollers. By this 
method an ounce or two nf each colour can be rajddly ground and the cans 

■ dee footnote p, 255 for development* bearing on this, and some of the following 
remarki. 
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and balls easily rinsed off witi denatured alcohol immediately afterward, the 
ball* to be wiped off by rdling in alarge doth. The silicon ester medium ha* 
excellent wetting propertiesi only two or three minutes* grinding is required 
to produce a satisfactory paint of smooth, ^rupy consisiency. Rubber band* 
or friction tape around the rollers will peeant the mn* from slipi^g. The 
machine can be improved or refined a* d wir ed 

The following redpes are based upon data taken from a sheet issued by 
the Carbide and Carbon Chemicals Gorpnntion (U. S. A.). 

A 

50 volumes of tetra ethyl orthodhcate, Si{OC|H 
50 volumes of denaiur^ alcohol plus 1 volume of water* 

Mix and allow to stand for at least 24 hours. 

B 

Mix 9 volumes of this solutioo with 1 volume of watery the 
result will be a completely hydrolized solution that will 
keep for at least a month when tightly stoppered. 

Thii liquid ia to be used for grinding ptgments or as a binder- The first 
mixture before edding the final amount of watar will keep indefinitely. If it 
is desirable, the hydrolysis may be hastened by the addition of minute amounU 
of hydrochloric or other mineral add, the speed of the reaction depending 
upon the quantity added. 

Another grade is also available-^ brownish liquid called ethyl silicate 40. 
It contains more available silica than the ortho-silicate. The solutions made 
from this grade will usually stand some thlnmng with volatile solvenu. The 
suggested recipe for a paint binder with this material is 

A 

60 volumes ethyl silicate 

18 volumee denatured alcohol, and 

2 volumea dilute mineral add (e.g., 0*5% hydrochloric ecad) 

B 

After 24 hours, add 5 volumes of water to 100 volumes of this 
solution. 

* This product U produced by the reaetioo of riJkon tetrechJonde with almost 
absolute alcebel ^lus $9%) to yield atmoct pure teoaetboxy sUicane ^(OEt)«. lo 
Britain the reacaon is earned out with isdunrial alcobe], cp. gr. 0*622, with the 
remit tbat initead of the pure tetra*et}Mi^ siKcane we have a mixture containing, 
befides tecm-etboxy fiKcanes, a rubnantiaJ percentage of hexa>ethoxy siluue, 
(EtO), Si—0—Si (OEt)> and higher homoiogues together with some ^yl dcohol. 
The presence of these higher bomdogues raise* the silica content to the cider of 
40%. This product co i respo n ds to the Amehaa ethyl silicete 40 mentioned above, 
t This ester is known in Britain under the trade-mark name SUester 0 
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In my ovro trials of ethyl riHcste binders I hare used distilled water 
throughout, end because I find that best results are obtained when recipes 
are carefully mixed and the amount of water accurately controlled, I have 
used freeh, anhydrous proprietary alcohol and regulated the amount of 
water accordingly. Sometimea very slight variations in measurements will 
change the strength of the binder. 

A minute or so after mixing, the liquid will become very warmi allow it 
to cool to normal temperature before using. The acid may bo added to either 
A or B in berth of the above formulas, by using a 0*5% solution of hydro¬ 
chloric add in place of the water ia A, or by substituting the same amount of 
0 5% acid for some of the water in B. This add is roughly equivalent to iV/10 
HCl and is made by mixing one part of C.P. concentrated hydrochloric add 
ynth 120 parts of water. 

The acid will tend to attack such pagments as ultramarine or the cadmi¬ 
ums slightly, although not enough to cause practical damage. Because it is 
entirely volatile, there ere no permanently destructive rosulu on non* 
metallic surfaces. Because the pigments are unprotected by a film, only the 
edd-proof or fresco colours should be chosen. Pigments such as sine oxide or 
whiting which react like alkaline materials do not work satisfactorily. Some 
pigments are bound better than others. 

When the final medium is stored in well-capped or corked bottles, it will 
keep for several months, after which it turns to a useless solid gel The change 
is brought about by the water it contains and cannot be avoided. This reaction 
is greaUy accelerated after pigments ere ground in the medium. 

It must be repeated that although the resulu are believed to be absolutely 
permanent, the process is too new to have been thoroughly investigated under 
actual painting conditions over a number of years. Also, dee^te the fact that 
tests show the mctieriaU to have good and durable properties, a standard 
whmquit as developed by practical artists to bring out and fully utilize the 
good properties of the materials, has not yet been completely established. 
Some work has been done on combining the silicon esters with lacquers and 
synthetic coatings. 


Painting in Porcelain Enamel 

A recent development for outdoor murals end deccrotions, or for use 
where conditions are too severe for the usual painting materials and methods, 
is the application to artistic purposes of porcelain enamel on metal. The pro- 
cesB is the same as that employed in enamelling iron signs, storefronu, 
stoves, refrigerators, etc. 

An artist can obtain white or coloured enamelled sheets in any shape or 
size from an enamelling factoiy, piux^hese the colours, paint the pictures in 
his studio, and return the work to the factory to be fired. However, as in any 
other process, technical perfection can be assured only if he has g^ven the 
subject some study and if the materials used and their treatment in firing are 
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in accordance wit)! the most approved technical standards. A parallel to the 
method is the practice of lithography, where the anist has an intimate ac¬ 
quaintance with the craft and where the best results are obtained when he 
works in co-oporation with a printer who is a specialist in serring artisu. 
Similarly»the enamelling technidans must haye a fair understanding of the 
artist's technical aims and requirements and have some experience in firing 
exactly this sort of work. 

The regular industrial method consists in coating a specially made iron 
sheet with powdered frit or porcelain enamel materials mixed to a paste with 
water- When this material has dried to a powdery condition on the iron, the 
sheet is placed in a furnace for a few minutes at a temperature somewhere 
around 1500* F,, when the porcelain materials fuse to a level, glassy coating, 
the iron and porcelain becoming intimately and permanently bonded with 
each olheTj they are practically fused into each other. The porcelain is com¬ 
posed of refractory and fluxing minerals^ the frits have been prepared by 
melting their ingredients together at a temperature in the ndghbourhood of 
^00® P., after which they have been plunged into water, finely ground, and 
sold to enamellers in the form of a powder or a water paste, sometimes with a 
little clay added. The colours used are known in the industry as ‘colour 
oxides’I they are various compounds of cobalt, cadmium, and other metallic 
substances which have the property of colouriog the vitreous mass and re¬ 
taining their colour during the firing process. The first coat on the metal 
always contains cobalt oxide, which has a particularly good affini^ for the 
iron; therefore the coloiv of the first coat is usually black, bluish, or grayish. 
Cryolite, feldspar, and fluorspar are among the materials which the manu- 
factxtrers use as basic substances for these frits; and the whites or other 
materials employed to impart opacity to the glossy coating include tin oxide, 
antimony, titanium, end rirconium. 

After the first coat of enamel has been fused to the iron sheet on both 
sides, two separate coats of enamel (usually white) are applied; each is fired 
at the 1500* F- temperature (the figure varies according to the materials and 
the technique of the enameller, but it is always accurately controlled), and 
the enamelled sheet, in white or colour, is ready for decoration. Each sub¬ 
sequent layer of enamel fuses perfectly with the previous layer. A clear add- 
proof glaze is applied at the finish. 

It is the practice of the indxtstrial plants where this type of enamelling is 
done, to spray their products with colour mixed with water, and after this has 
dried, to lay a stendl over the powdery, dry enamel colour and rub off the 
unwanted portions with a brush or cloth, through the stencil. Only one colour 
at a time can be applied in this manner, and each colour must be fired 
separately. The method has obvious limitations in the case of mural painting 
of any degree of finesse, and only work of a very mechanical nature can be 
done by it. The appearance of the vitrified powders is entirely out of line with 
their fi na l colours in tho fired state; before they are fired they are pale grays, 
pinks, etc. The only advantage the method has over the following one is the 
fact that through its use of stencils, reproductions and co^es of an original 
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design can be turned out with accuracy by factory workers—an advantage of 
dou^ful value in direct artistic work. 

, Artists' Techm't^s. To overcome these Umiutions, I have experimented 
with methods of paisting on an enamelled sheet with the vitrilied colours 
well ground in special binding mediums, both oily and aqueous. Complete 
freedom of painting is possible, just as in cdl, tempera, or water-colour work 5 
with minor exceptions, these ‘oil’ colours appear the same when wet as they 
will after firing. The principal change is one of paint quality rather than a 
colour change; the picture gains a certain depth and substance. The dry 
vitrified colours may be ground in a number of mediums with a muller; the 
‘oil’ medium is a special vehicle sold to the enamelling industry for silk 
screen work, and is usually called squeegee oil; actually it contains no oil but 
is composed of resins end solvents. Although the function of the medium is 
simply to fix the colours to the panel until it is placed In the furnace, where 
the organic binder immediately goea up in smoke, the use of improper 
materials will cause defecu; 10 far os I know, the use of drying oils in tins 
standard factory enamelling process always results in bubbling or blistering 
of the surface. 

Painting with this medium on the glossy, non-abeorbent enamel surface 
ofFars some inconveniences; if the colours contein much medium they are 
liable to flow end run into one another. An euy way of overcoming this 
tendency is to mix them on the palette with turpentine, mineral spirit, or a 
quiebdrying solvent such as coIuqI, acetone, etc. This will cause them to set 
quickly, and will make cleaner, sharper overpainting possible. Colours ground 
in an aqueous binder can be used as undarpaintings; they supply a good tooth 
for easy application of tba oUy medium, but they must never be used over 
the oily coating. 

The painting may be done with soma degree of latitude as to thickness of 
coating, but there must not be too much variation in layers for any one firing. 
The workers at the anamalliag plant vrill adjust the temperature end the 
duration of the heat to the thickness of the layer, according to their ex¬ 
perience and judgment; too groat a variation in the layer will result in defects 
in either the thin or the thick parts. Normal or e little leei than normsil oil 
painting thickness eppaers to be most desirable. Too thin or washy a coating 
will give a flat effect, if smooth and even this will have a llthographed-tin 
quality; if loose and free its quality vrill approach that of water colour. 
Opaque and gloied affects may be combined os in the oil painting technique; 
either white fugment or the white of the ground can be utilixed, No standard 
mural technique has been established; so far, the artists who have executed 
murals In enamel have followed the general examples of oil painting, fresco, 
stained gloss, etc., as to brushwork end effects, but there has been much 
speculation os to the best way of exploiting the full capabilities of the medium 
and developing a technique which will possess a true enamel quality. At 
present, the glossy finish seams to be a definite characteristic, because the 
mat finishes that have been produced, although successful in themselves, are 
like any other mat finish in that they are highly susceptible to the mechanical 
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abtoryliozi of dirt and stumsg, probably much lees reaetant to wear and 
scratching than the gloeaer ones. Also, it is rery difficult to vnpe out or make 
coirectioiis while painting on a mat surface. A mat finttb seema to be one of 
the standard mural requiremams that enamel must forgo. Panels painted 
in the oil medixim must be dried ormiight or longer before being placed in 
the furnace^ or they can be baked dry in mild heat if cooTenient^ but the 
medium is not formulated to dry perfectly, as is the medium in oil painting, 
and such panels must be handled with care until they have been fired. 

jiqueous Mediums. I find that another successful way of applying the 
colours is with a water medium. The best ones I have tried are a water-colour 
binder of the type g^ven on page 218, the essentiel ingredients of which are 
gum Senega], sugar* end water $ and a 20^ water solution of white shellac 
made with ammonia. In general, the water mediums cube used on the panel 
with greater facility than the oil, although there are some minipulaiioss 
peculiar to any oU technique that cannot be carried out in water colour. When 
dry, the water colour can be scraped off aod manipulated in a number of ways. 
It leads itself to an even, flawless spray-gun or ur-brush coat fiee from 
brush marks, which some commentators hare declared is one of the desirable 
characteristics of enamelling as a technique. Masks, etancals, or friskets can be 
laid down to facilitate such work; for accxirata, delicate, or sharp operations, 
tracing or frisket paper can be attached with rubber cement either to the 
uspeinted panel or over the dried water-medium colours, and stencils cut 
out on the panel; with surroundiog areas of paint thus proteaed, sections of 
the dried ct^ur can be washed away with damp cotton. Theee manipulations 
cannot bs accomplished with the oily meditun or when the colours are used 
without a binder. 

Paintings can be done entirely in the studio and sent to the plant for one 
firing} for some special gltxe effects, or if corrections or orerpaintingi sre 
required, they can be refired a number of times. Enormous sites can be made 
by joining the sheets; thrir edges can be made flanged and they can be 
fastened to each other. The largest size theeu ere usually 5^ x 8 fast; the 
enamelling tecbnicieos recommend a S x 5 foot panel as the maximum unit 
for large jobs; 2x2 may be better. There are a number of standard, estab* 
lished methods of joining and erecting these panels, and msny experienced 
firms who can install them. 

When the panels are painted in the factory, where there is no transporta¬ 
tion problem end where refiring and other manipulations be done easily, 
colour without strong binder can be sprayed or brushed on. The purposes of 
the strong binding mediums discussed above are to bring the process within 
the reach of the average painter by deTelojAng a technique that bs can learn 
quickly, to allow work to be executed in a free and direct manner, and to 
allow painting to be done away from the factory. 

With a U^e experimenting, or in en establishment whose technicians are 
experienced in such vrork, the enamels can be apphed to aluminium, copper, 
or other metals. The iron sheets are protected against corrosion by the enamel; 
only when it becomes chipped by some severe blow are they liable to rust; 
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tJae \ise of copper, alurainiam, or other metal would not prevent accidental 
chipping. Damages of thia sort should be repaired by painting as soon as they 
occur; if the sheets are removable they can be refired. 

The iron may be purchased in large sheets before enamelling and em¬ 
bossed or hammered in relief or repouee^ work, then sent to the enameller to 
receive a ground coat of any colour. After this, the design or figures can be 
overpainted as desired. The metal is made in several gauges, and sculptors 
have found it vety easy to handle for this type of work. No smooth, flawless 
surface can be made on hand-hammered work, but such perfection is seldom 
required in artists’ scuplture. Technically perfect enamelling can be applied, 
however, to machine-emboesed surfaces. 

Enamel painung has been done on various metals from the earliest days, 
and examples have survived in good condition from primitive dvilizacions. 
The doisonnd work in which the various colours are separated by metallic 
strips is well known, and later paintings such as the Limoges and other 
enamels which were aontetimea dona with oil, show the durability of the 
medium. The only new thing about this method is that whereas in the past 
enamelling waa con^nad to use on predous objects, a modern low-cost in¬ 
dustrial process has made arciidc enamelling possible on a large scale. This 
process is under scientific control and in recent years the product has been 
improved considerably in parmanenea and flexibility. 


Comparative Values op Mural Techniques 

The qualities of fresco are the standard in mural work; other methods 
approach them in varying degrees. Straight oil painting on walls or on canvas 
anachsd to walls is a poor substitute; no matter how auccesaful such painting 
looks on the easel or in the studio, it gives a diiappointing optical result when 
applied to the wall, lacking livalinass and almost all of the mural qualities. 
Purthamore, we are so accustomed to oil painting as a standard method for 
the production of nearly all of our easel pcturea, that we expect it to meet 
other requirements equally wall; and to have it result in an effect which is 
inferior to that of cur easel paintings does not satisfy us. Glaze effects which 
produce a sort of luminoits glow on small paintings are even lower in key and 
banco more unsuccessful in murals. Such paintings require a full, individual 
lighting, and must be viewed from certain angles and distances to be best 
appreciated; they conaume light, which is underetuidable when their physics 
is considered. Oil paint which has bean made to assume a flat or mat finish by 
any means, is lass durable than a normally gloaey oil paint. 

The degree in which the tempera effect is mere luminous and brilliant 
than that of oil painting is like?rise limited. On the eesel or in a frame the 
difference is marked; in a mural the tempera quality is midway between that 
of fresco and that of a highly keyed oil. In technical properties, while tempera 
is an improvement over oil, it does not equal freeco. The secco processes, 
including painting in size, casein, or thinned egg-yolk on dry plaster in a 
manner calculated to imitate the fresco technique, come closer. When such 

260 



COMPARATIVE VALUES OF MURAL TECHNIQUES 

work is done on nioiffl limewash, its i^asliiy is still more like that of fresco. 
Casein is the best material for tins purposej egg is not only aHttle inferior as 
to optical effect, but also has technical disadvantages. Such paintings cannot 
he cleaned so easily as true fresco, hut after they have become thoroughly set 
they can he cleaned if enough care is taken. Their most epparent inferiority 
to fresco lies in the comparative dullness or cloudiness of their colours. There 
is not much difference in the effects produced by ^ue azt and casein. The 
glue colours seem to have a sort of coarseness^ their luminosity is possihly 
greeter than that of casein, but their washaUHty and their durability in our 
climate are eirtremely doubtful, hfineral (potassium riUcate) prO' 

duces an effect which, when new, compares favourably with fresco j but after 
more than one hundred yean of development the process is rdll too unreUable 
to be trusted. A promising fresco substitute in modem painting is the new 
silicon ester medium, which g^ves very dadrable mural effects. The fresco 
quality can be duplicated, and the materiats appear to he satisfactory, hut a 
fool-proof technique and set of maniptiletionj have not yet been worked out. 
Porcelain enamel murals, while they give very striking results, are not 
appropriate for general use under all dreumstances. 
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Miscellaneous Materials 


Volatile SolveEts 


T he liquid* which diMolve «od mix with oils, mmw, hud other paint 
and verniih material*, are employed by the painter principally as 
daueni* or thinner*. Their u*e by him a* loWent* in the literal 
senae of the word, that i*, as means of putting resin* and other 
eolid materials into aolution (a* in the making of vemiaha*, etc.), is la** 
frequent. They al*o find other application* in the oru, as vamislj or paint 
remover*, a* cleansing material* in the reetoraiion of painting and as agents 
in Tarious art processes such as atching, lithography, ate. 

The *ole purpose of a thinner i* to reduce the viscosity of a paint or var- 
niih *0 that it may be easily applied to the surface in a thin film. 

Volatile solvent* and thinner* for paint* and varnishes were practicilly 
unknevm to the ancient*. According to PUny,» *ome of the crude petroleum 
from ril wells and some of the balBuns end oleoresin* from ^^ne trees were 
distilled locally in a primitive manner by boiling the crude material in a 
vessel covered with a sheepskin laid over it fleece side down. The condenied 
volatile liquid which accumulated in the fleece wei then *queaied out. De¬ 
scriptions of dietillauon by use of an alembic or afiU begin with the physicians 
of Alexandria in the third century. The distillation of turpentine, alcohol, 
and other materials is mentioned in the writings of the early alchemists and 
craftsman, but all the evidence indicates that these product* were not applied 
or adapted to practical use (except in medidne) prior to the late fifteenth 
or early sixteenth centuries, when the commerdal production and sale of 
volatile solvents and spirituous hquors began, and when redpee for varnishes 
containing them were first published. Many investigators attribute the dis¬ 
covery of ml painting, that is, the improvements of the fifteenth century, to 
tlie developments which made volatile thinner* available to painters. 
Throughout the history of tho materials of art we encounter such instsnees of 
a considerable lapse of time between the discovery or first appUcetion of a 
material and its adoption by or availability to painters in general. 


Painters’ Rbquiremints for a Thinner 

1. It must evaporate compleiely. 

2. The rate or speed of its evaporation must be uniform and exactly 
suited to the manipulations of the painting process. 

5 . It must not exert a destructive solvent action on the underpainting. 


REQUIREMENTS FOR A THINNER 

4. It must not react chemkaHj with the materials with which it is mixed. 

9. It must be perfectly misdble with the other ingredients in all propor< 
tions in which it is lively to be used. 

6. The fumes should be Dan*in)tuious to and the odour should be 

non>rendual, that is, it should disappear entirely from the dried film within 
4 reasonable length of time. 

When such a material is used as a solvent (as distinguished from a 
thinner), the additional requirements are feirlj obvious; its solvent action 
mxist be complete for the purpose; the solution should be stable and must not 
dUintegrate under normal conditions. 


Effect on Paint 

The various volatile liqtiids which are suitable for use as paint and varnish 
thinnars difier from one another only in such properties as rate of evapori> 
tion, solvent action, odour, etc. None of them has any binding or film* 
produring qualities, and none has any diying effect on paints and varnishes 
except as it shows the p^t or varnish to be spread in a thinner film, a 
greater proportion of the ^ or redn bring thereby exposed to the drying 
action of the air. 


Warning 

Although a few of the liquids listed in the following section are non¬ 
in fUmmable, it must be remembered that as a class they are very highly 
inflammable, and pracautaou must always be taJcen to guard against fires and 
explorions. These fiquids should be purchased in the smallest quantities 
reasonably compatible with economy end conveoience, and kept in tightly 
^closed containers. Such srivems as turpentine and DUDerals|nrit are relatively 
safe to handle and seldom cause trouble, but whenever it is necessary to use 
the more violently combustible or axplosive materials, such as petrol, banxol, 
and acetone, every precaution should be taken to •pfertnt their acddental 
ignirion. 

The fumes of some of the volatile solvents are considered non-injurious 
to health; others are considered toxic. Sucli disdncdons are usually made 
from the viewpoint of industrial applicatiou, and refer to the continuous daily 
use of these materials, especially in poorly venfilated workshop. When they 
are used occsriocally or Intennictently in a well-ventUated place, and handled 
intelligently, there is little danger of ill effects from most of them; however, 
none, even the most harmless, should be allowed to fill the air of a poorly 
vantUated room continxiously, on account of fire risk and danger to health. 


Mutual Solvents 

Some liquids have the property of being misdble with two entirely 
separate classes of substances which are not misdble with each other; for 
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example, acetone will mix with many oils and also irith water. The addition 
of such solvents to certain mixtures of incompatible aubatances will produce 
a complete solution. These materials are called mutual solvents and are also 
known as common solvents or coupling a^nts. 

Some solvents and oils are partially miscibla with each other or with 

'yvfiter_that is, they are miadble in limited, small percentag;es} for instance, 

turpentina will mix with ordinary alcohol in very small amounts. In the 
present account of the properties of the solvents, such limited mixtures are 
d isr egarded; they seldom have any technological significance, and materials 
which cannot be mixed in all proportions or at least in appreciably large 
percentages, are here considered immistible for all practical purposes. 

The order in which the ingredients are added to mixtures which contain 
a mutual eolvent is sometimes but sot always Important in obtaining a clear 
mixture. In most cases the materials are stirred together end the mutual 
solvent is added slowly until the solution becomes homogeneous or dear, but 
sometimes the solution must be kept dear all the way through by reverting 
the order. 

The solvents are not dastified in this section strictly according to their 
derivations or compotitions, but rether from the viewpoint of their usefulness 
and bebsvioun. 

Turpentine 

Turpentine ii made by distilling the thick retinous sap of pine trees 
crop>grows in the south-eastern United States and of similar coniferous trees 
in various parts of the world. Originally the entire crude exudation or 
oleoresin was known as turpentine. Later the volatile distillate was celled 
'spirits of turpentine' and 'oil of turpentine'. The resinous portion left after 
the turpentine is distilled is called rosin. When turpentine is mentioned in 
old redpes, the entire oleoresin is often meant, particularly when the in¬ 
structions are to 'melt the turpentine’. The modern meaning of the term 
dates from the early pan of the nineteenth century, and in England and 
Amenca turpentine, colloquially shortened to ‘turps', now refers ipetifically 
to the distilled product The older meaning of the word survives in English 
in refsrsnce to only two products, Venice turpentine and Strasburg turpen¬ 
tine, two oleoresios which became obsolete so far as their industrial im¬ 
portance is concerned during the nineteenth century, but which are still 
in use by artists. * 

Turpentine is a colourlees liquid which has an agreeable odour; its vapour 
is non-injurious, and it ia one of the safest solvents as regards fire risk. Its rate 
of evaporation is exectly fitted to the great majority of paint and varnish 

* CommerdoJ gupplies of turpentine end rosin ere known as Naval Stores, and 
the nomendature used in thit book i« that estabHahed by the United Sutes G^wern- 
ment in the Naval Stores Act of 1924, and now in common use In England and 
America. Further rentarki on these producu wUl be found under Oleo renns and Rosin. 
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purpose} that is, it allows sufBooot tiina for hroahing manipulations, and it 
STaporates rapldl}' enough for most usas. 

Turpentine oxidig eg and polymerizes on exposure to air, sunlight, or heat, 
but any siccative effea that this property may hare on oil paint in actual 
practice is negli^ble. 

The small amount of gummy reridue left after fwah turpentine erapo* 
rates is also to be disregarded, as it is seldom over 1% even in the worst 
samples. It does no harm, neither has it any val ue as a binder. Fresh tur¬ 
pentine is preferable in this respect to that which has been in storey for 
considerable time. (Seepage 517.) 

For paint and varnish piuposee there is only one grade of pure turpentine. 
The material known as pure gum sparits of turpentine, when purchased in 
bulk from a high-grade, well-estabUshed paint store, serrei eza<^y as well as 
tha so-called double rectified meterial put up in bottles for artists' use, and 
it is more likely to be freeh stock. (See page 456.) 

^ood Turp^ndm (either steam-disiiUad or dennictively distilled). This 
material is made from the stump* and scraps of turpentine pines. Although 
its propertiee as a solvent and thinner are pracdcelly identic^ with those of 
the turpentine described above, it is rejected by artiits on eccotmt of its ob¬ 
noxious pine-sawdust odour. The artist who is familiar with its odour will at 
once recognize its presence as an adulterant in gum turpentiiie. 

Mineral Spirit 

The product is distilled from crude petroleum oils, and as a thinner it has 
properties umilar to those of turpentine. The best grades are made especially 
for the purpoeein large quantities, and they evaporate at a spaed which makes 
them suitable for paint and varnish use. Mineral spirit is also called turpen¬ 
tine substitute or white spirit It bes for many yean virtually replaced tur¬ 
pentine in the industrial manufacture of paints, but it is generally rejectad 
by artists for its benzine-like odour, which, although not harmful or particu¬ 
larly unpleasant in itself, is commonly held to be less desirable than the 
odour of turpentine. However, in large-scale use, as in the walls of a 

room where fumee and odour become concentrated, house painters usually 
prefer minerel spirit to turpentine. 

Mineral s|drit may be used to replace the more expensive turpentine as 
e paint thinner, with identical resuitSi but as a solvent for resins in varnishes 
its action is in many cases different hmn that of turpentine. 

Considered ss a petroleum jvoduct, it is intermediate between kerosene 
and petrol as to flash-point, in&mjiialnli^, rate of evaporation, and price. 
Standard requirements for safety in industrial paint use call for a thinner 
with a flash-poiDt above 80” F. Rash-pmnt is the temperature at which the 
vapours will begin to ignite when brought into contact with an open flame. 

Most of the solvents described on the foUowixig pages will mix with oil 
paints, but they are not ordinarily emjdoyed in the usual traditional oil- 
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Benzine 

Although house painters will sometimes call mineral spirit ben^e, the 
latter word more correctly applies to a variety of grades of petroleum distil- 
Utes intermediate between mineral spirit and gasoline. They are not so well 
suited to paint purposes as is mineral spiritj they have a lower flash-point, 
a higher rate of evaporation, and usually a more disagreeably pungent odour. 
Their principal familiar use is as dry cleaners- 

Kekosens 

Kerosene is the lowliest member of the petroleum solvent family, end the 
cheapest^ it is a poor solvent, a very slow evaporator, and it has the fault of 
leaving a residual odour as well as an objectionable oily residue. It is some¬ 
times used to retard the rata of drying of certain industrial mixed oil painu. 


Petkol 

Petrol evaporates with extreme rapidity as compered with turpentine, 
and its vapours, especially when mixed \vith air, are highly explosive. It is 
not used in paint for these reasons^ chemicaUy, it has no more effect on the 
paint than any of the other solvents. Practically all of the motor-fuel petrol 
sold in this country contains added ingredients to improve its performance, 
and most of these are highly poisonous. Petrol has the greatest solvent action 
of any of the petroleum products with the exception of a still more volatile 
grade which is not fre<)uently encountered: petroleum ethor, or casing-head 
gas. This meterial may be described as a 'luper-petror which has almost 
instantaneous evaporation. 

Benzol, Toluol, and Xylol 

The accurate chemical namee of theso products are benzene (not benzine), 
toluene, and xylene, but these names axe used only when the materials are 
being discussed purely as chemical compounds or as factors in a chemical 
reacuon; otherwise the *oV designation is in univsrsal use, particularly as 
applied to the grades commonly employed. These products are all derived 
from coal tar; each has its distinctive odour, but the three are similar enough 
to be eatily identified as belonging to the same family. They have very 
similar solvent action. 

Benzol is the commonest of the three. It is an excellent solvent for a 
number of resins and other organic products, including rubbery its odour will 
be recognized immediately by users of rubber cement. It has a very low 
flash-point, presents a greater lire hazard than petrol, and has a bad reputa¬ 
tion as a poisoner in industry- However, if the normal precautions for the safe 
handling of volatile solvents are observed, there should be no danger of 
poisoning from its fumes when it is used occasionally, or even frequently 
under normal studio conditions^ but when the fumes are inhaled during con- 
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tinu«d daily use in poorly TentiUted workshops, benzol is dangerous. It 
freezes solid at about 59^ F., but will flesh eyen below 52^. 

Toluol is a safer material than benzol; xylcd is even better. Toluol is the 
most used of the three for small-scale purposes. Its ordinary or 

technicsil grade is nearer to a chemically pure compoimd than are the corre¬ 
sponding grades of the others. 

Solv^ni Naphiha. The word naphtha has been more or less loosely used in 
the past to describe rarious petroleum materials such se benzine and the 
crude producu of the early refinement of petroleum. In the present-day lisage 
lolrent naptha refers to a rather impure by-produa of coal tar dlstillarion 
belonging to the benzol group. It is a good solrent for coal tar and some 
asphalts, but is a poor general solvent for point and Tarnish materials. It is 
sometimes useful for this very reeson, as it has Uttle effect upon the oils end 
resins in an ^ painting and may be used to wash off superficial dirt, wax, etc., 
without iha film’s being effected. It has a penetrating naphthalene (moth 
ball) odour, which, however, is aon-reuduiL The word naphtha U still applied 
to some special grades of benzine. 


ALCOHOL 

Ethyl or grain alcohol is prodttcad industrially from a number of different 
sources and is obtunable in a number of grades. The normal ordinary pure 
grain alcohol contains 6% water, but a 100% alcobo! is obtainable under the 
Dame of anhydrous or absolute ethyl ekobol. This grade must bs kept 
especially well corked or it will absorb water from the air. Denatured or 
methylated alcohol is ethyl alcohol which has been rendered unfit for bever¬ 
age purposes by the addition of various materials. Industrial concerns may 
purchase spscialiy denatured alcohol made with a wide variety of milder 
denaturents, depending on the requirements of thmr processes, hut the usual 
product sold to the general public is called com^etely denatured alcohol, and 
contains ingredients that o^e it unsuitable for many requiremenu. 

For use as a solvent in tfiiii varmshes such as shellac, a spedally de¬ 
natured grade is usually sui&dsDtly good; for finer uses, 94% or grain alcohol 
may be desired; and in casee where comflete freedom from water is required, 
absolute or anhydrous alcohol is used. Permits may sometimes be obtained 
from the local Officer of H.M. Customs and Excise, address obtainable from 
local post-office, to purchase small amoimu of these pure products but the 
sale of denatured alcohol made according to special formulas is normally re¬ 
stricted to industrial plants. 

The rubbing alcohols sold are denatured with substances that are harm¬ 
less to the but they may contain as much as 25% water. The deDaturaots 

used may be of a kind that would make the material unfit for average paint 
or varnish use. 

Alcohol has a powerful solvent action on dried paint and varnish films; it 
will not mix with oils (with the exception of castor oil), but it will attack and 
destroy their dried films. Some «1 paintings which have aged twenty-five 
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years or more are destroyed by the application of alcohol ^ othors fifty or 
9eventy«five years old are lees hurt. Common grades of alcohol will not mxK 
with turpenune and some other volatile solvents, but some alcohol or alcohol 
varnishes may be brought into clear solution or admixture wdth oils and aU 
other solvents by the addition of a mutual solvent; for example, a mixtive of 
common alcohol and turpentine can be made clear by adding a small amount 
of acetone. Anhydrous alcohol is misdble with turpentine, benzene, etc. 

Alcohol is hygroscopic^ this property is especially noticeable in the purer 
grades. Containers should be kept tightly closed; in open containers alcohol 
loses strength in two ways, by evaporation and by the abeorpUon of moisture 
from the air. 

Methanol 

The numerous cases of accidental poisoning which continually occurred 
through confusion of terms when two common alcohols were sold to the 
public without sufficient distinction, caused the adoption of the name meth> 
anol for the material known as wood alcohol or methyl alcohol. At one time 
grain alcohol wu sold as Cologne Sfwc, methanol os Columbian s^rit or 
Colonial spirit, and containers wore likely to be marked Col. Spirit. 

Methanol is sold in a rather pure tecWcel grade, containing less than 1% 
water; also in o 100% grade—'anhydrous or C.P. methanol. The CoIumUan 
and Colonial spirits are intermediate pure grades. Methanol has the same 
general solvent properties as ethyl alcohol except that it Is a somewhat better 
or more powerful solvent. It may be substituted for the more expensive grain 
alcohol wherever its poisonous efiect can be guarded against. If taken inter¬ 
nally it is violently poisonous, and the fumes of the pure material should not 
be breathed too continuously. However, the small percentage of methanol 
contained in denatured alcohol does not make that mixture more dangerous 
to handio than any other solvent. 

Denatured alcohol is known in Great Britain ss methylated spirit and is 
produced In five main grades. 1. Industrial (water^white), consisting by 
volume of 95% ethyl aluhol and 5% methyl alcohol (wood nephtlie). 2. 
Industrial (toilet quality) spedally denatured with a ‘silent’ methyl alcohol. 
5. Industrial (pyridiuised) containing a small percentage of Pyridine to 
which is added a few ounces of shellac or gum—the product known as 'finish' 
end used by the commercial varnish and polish trades. 4. Industrial (ab¬ 
solute) the highest commercial concentration poseible, containing no water. 
5. Mineralised methylated spirit. The familiar violet-coloured product re¬ 
tailed by chemists and ironmongers. Contains by volume 90% ethyl alcohol, 
9}% methyl alcohol and a small amount of mineral naphtha, pyridine and 
violet dye. Grades 1,2 and 4 can be purchased only under licence from HM. 
Customs and Exdse. 

Carbon Tetrachloride 

This material has a rajnd rate of evaporatbn and is non-inflammable. 
Like oil the other volatile solvents, it must be used in a well-ventilated place, 
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a5 iis fumes are injunous if mliaJad loo contiiiuoufily and m too strong a cod- 
centratioa. It is not a particularly effective solvent for dried paint and vamisli 
films; otherwise it has fairly good solvent powers, espedaUy for waxes. Its 
non-inilammable nature causes it to be used vridely for many solvent piu^ 
poses, as a substitute for more efficient but inflammable materials. It has a 
high spediic gravity and weighs about 15 pounds to the gallon. It does not 
mix with water. 


Lacquer Solvents 

The following solvenu, although they form a imscellaneous group of 
materials wdlh widely varying properties and sources, are ordinarily grouped 
as lacquer solvents, because most of them will dissolve or w»iv with nitrocellu* 
lose lacquers^ the important members of the group are used in large quanci* 
ties by the lacquer industry. Some of them can be applied to useful purposes 
in artisu’ techniques, but the me^rity are of occeaoatl value only. 

Eihdf (ethyl ether) evaporates instantaoeoutly. It is called for in certain 
antiquated recipes requiring such action. It is a powerful solvent for most 
paint and varnish materials, but also a poisonous, pount anaethatic, and the 
most explosive and dangerous substance mentioned in ^h is section. Petrol is 
mild compared with it. It should be replaced wlierever possible. 

Chloroform is a non*«x|dosive but dangerously aoaethetic liquid of high 
solvent power, similsir to ether. 

Sthyl aeeiaio is one of the least unpleasant and least hsinzrful materials of 
this group and one of the best to use rither as • solvent for old varnish fllnu or 
when a rapidly evaporating material is desired. Itt odour is comparatively 
pleseant, mild, and fruity. Haring a flash-point of 5* C., it must be kept away 
from flames. 

Amyl acitais is the familiar *banana oil*. Its properties are timilar to thosa 
of ethyl acetste ^ it is somewhat lass expensive, but also less pleasant to handle. 
Its strong, penetrating odour is well known. 

Amyl alcohol is related to sjnyl acetate^ it has a somewhat milder banana 
odour and relatively weaker solvent action. It is employed principally as a 
diluent or extender, or to impart good brushing properties to industrial 
coatings, because of its low rate of evaporation. 

Buiyl acctaie and butyl alcohol (butanol) are two similar products which 
have low rates of evaporation. Bu^l alcohol (normal butanol) be used to 
advantage in clear varnishes to increase the ease of brushing the levelling 
of brush strokes. 

Acetone is one of the best •"d most powerful of the volatile solvents ^ a 
paint or rarmsh material which remtins unaffected by it will probably not be 
dissolved by any other volatile solvent under the same conditions. Acetone 
is the principal ingredient in many commercial paint-removeie. It is a com¬ 
paratively pleasant and safe material so far as its odour and toxicity are con¬ 
cerned, but the usual precautions must be taken, eepedally as regards its in¬ 
flammability. Its extremely low flash-pmnt, about - 18^ C., occurs far below 
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its freeing point. It is an excellent mutual solvent or coupling agent in solvent 
mixtureSf as it mixes in all proportions with oilSf with water, and with most of 
the other solvents. It is the usual material employed when a clear mixture of 
water and oily materials is to he made. Methyl acetone is an impure acetone 
which contains varying amounts of methanol and methyl acetate. 

Diaceiono, whose properties are much the same as those of acetone, is 
oven more powerfxd than the latter in most of its solvent actions. It evapo¬ 
rates much more slowly—about A ** as acetone. Its boiling point is 
aroxmd 165® C., and its flash-point is higher than that of acetone 25 or 
50* C. Its odour is mild but lingering. It has a strong penetrative effect, is an 
excellent coupUng agent, and is widely used in industrial lacquers. It will 
soften, if not dissolve, dried linseed oil fllms. 

THchlor 6thyitn4 is a powerful solvent for oils, resins, etc. \ it mixes with 
alcohol Bud most solvents, and is immiscible with water. It is non-inflam¬ 
mable and non-explosive, with a boiling point of 6$*7* C. Because of these 
properties it is used indmtrially as a dry cleaner and scouring agent. 

Dipsnicntf obtained from turpenune, may be considered as a concen¬ 
trated extract of wiood turpentine. It has a pleasant flowery odour and ii an 
excellent solvent for e number of materials. It evaporates at a rate which 
makes it useful as an addition to rapidly drying varnishes end lacquers. It 
improves the levelUng end brushing qu^ities of such products by allowing 
the coating to remain in e liquid condition long enough to flow out. 

Pint oil is a straw-coloured to colourless bquid which is a product of the 
steam distillerion of wood turpentine. It has an agreeable odour and a very 
slow rate of evaporation. It has some value as a solvant for resins and as as 
odorant and presarvativa in casain emulsion paints end other industrial 
products. 

Butyl lactatt is a fairly good solvent for most varnish materielsj it is 
misrible with all their solutions and has a rather mild, noa-reaiduol odour. 
Its high boiling point and its extremely low rate of evaporation make it useful 
as an addition to coatings to delay their setting and to improve thrir flowing 
and levelling qualities. 


Other Properties of Volatile Solvents 

The mechanical principles of solution are complex and involve molecular 
behaviour. Some liquids combined in definite proportions will form constant 
boiling mixtures, that is, mixtures which will evaprate as a ringle materiaU 
in the case of other combinations, the moat volatile part of the mixture will 
evaprete first. The properties of solvents, such as boiling pint, solvent 
pwer, etc., are usually greatly altered when other solvenu are mixed with 
them. 

Many of the solvents mentioned in this section are employed as thinners, 
extendara, or diluents, regardless of their high or low solvent action on the 
mixture in question; that is, they are used in combination with another 
material which acts as the pinopal solvent, their function being to reduce or 

270 



OTHER PROPERTIES OF VOLATILE SOLVENTS 

increase the rate of evaporation, to improve the resulting product in one way 
or another, or to lower the cost. Although the word diluent is used, the vola- 
tile materials employed in varnish and lacquer manufacture do not always 
dilute or retard the solvent action of the prindpal active solvent of the 
formula (as water would when added to alcohol or to an add or alkali in other 
chemical processes) 4 rather, when they are compatible and misdble in the 
formula, they act as extenders of the prindpal solvent without reducing or 
inhibiting its solvent power. Often, extenders which by themselves have little 
Or no solvent action on a substance will have e powerful solvent action when 
combined with other solvents. This property is <^ed latent power of solution. 

Another function of solvents in certain coatings is to impart the property 
of penetration, Many products, such as paints and varnishes, are used as first 
coats over wood, plaster, and other surfaces which are absorbent in varying 
degrees, and they must penetrate these surfaces to some extent in order to be 
effective. Almost all of the solvents and thinners are useful for promoting 
this action; in accurate industrial formulation some are preferred to others. 

Wrinkling of an oil film is a defect which may be prevented by adding a 
suitable amount of solvent or thinner. 

The surface defects in varnish (and very thin pigmented coatings), such 
as frilling, brush marks, etc., may often be overcome by the addition of 
vaiious percentages of thinners which have the proper rate of evaporation 
for the purpose. 

Often, but not always, the difficult and awkward brushing quality of a 
painter varnish is due to the rapidi^ with which the solvent evaporates under 
the brush, not sustaining the flowability of the medium enough for it to 
be manipulated in a desirable manner. Sometimes evaporation is just slow 
enough to allow easy brushing but too fast to allow the paint to remain flow* 
able for a few minutes thereafter so that the brush marks will level out. In 
some instances (espedally in the case of spray coatings), the paint does not 
have sufficient speed of initial setting to prevent frilling, drops, or stream* 
lines on vertical surfaces. Generally speaking, the commonest solvents, such 
as turpentine, mineral spirit, alcohol, etc., will fail only slightly in these 
respects—suffidentJy to produce definite defects, but slightly from the point 
of view of correction. Small amounts of slower or faster evaporating solvents 
will remedy the faulty condition if other considerations make it possible for 
them to be added to the formula without danger of over-dilution or of too 
great an increase in the solvent action of the coating $0 that it will pick up 
the underpainting diudngthe brushing or flowing penod. Both dipezrtene and 
jdne oil appear to be autoxidants, that is, they delay the drying of oils to 
an extent beyond that of their slow rates of evaporation- 

Some of the essential oils (page 238) were formerly employed for these 
purposes; the modem industrial lacquers and other products contain slow- 
evaporating or *high boiling’ liquids. A much larger number of solvents than 
are listed here are in regular use in industry for many special purposes, and 
materials which will meet very exact requirements can be selected. Ref¬ 
erences to the literature of these materials will be found in the bibliography. 
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Th« boHis^ poLDtfi giren for solrentf in ti!»chn>Ml and adeoti^ publica- 
tiona are uauallf obtamed \>j accurate studies of diemicallj pure cnaterials 
and are approximate for the ordinary gredee. The rate of eTaporatioa or the 
boihng temperature of a solvent is usually expressed by figures which indicate 
its distUlation or boiling range rather than by a single figure. Someticnes this 
range is two or three degrees and sometimes fif^ degrees or more. The 
boihng^pdnt figures will give an ap|aozimate or comparative index to rates 
and speeds of evaporation. 

Comparative Rates op Evaporation op Solvents 

The following list of solvents is arranged in order of evaporating speeds, 
Because of variatioa, both in materials and conditions, the numbers (which 
are my own) are merely rough of thdr comparadve rates of evapora¬ 

tion. Carefully measured rwuhs of expert Investigations seldom agree in 
detail. 


Ether 

1 

Acetone 

5 

Benaol 

9 

Ethyl aceUU 

10 

Carbon tetrachloride 

11 

Methyleted spirit (anhydrous) 

15 

Ethyl akobol (anhydrous) 

20 

Toluol 

25 

Petrol- 

25 

Butyl acetate 

50 

Naphtha (petroleum) 

40 

Xylol 

45 

Amyl aceute 

50 

Wood turpentine 

80 

Butanol 

100 

Gum turpentine 

110 

^acetone 

ISO 

Amyl alcohol 

190 

MLseral spirit * 

200 

Butyllactate 

500 

Earosene 

5000 


Casern 

Casein is manufactured 1^ allowing or causing to sour, sepa¬ 

rating the curd from the wh^ (the watery residue), and washing and drying 
XL Ths crude curd from or wbcde miiif ht been employed as a binding 
or adhesive material from the earliest lecmded periods, but only in compara- 

* Sold in s wide vsiury of gndes; fpcdsnens of this nuUrUl ruy considerably. 
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lively modem times b&s the mote wefully controlled and uniform product 
we know as casein been widely available. Although the exact chemical con- 
stnicUon of this material and the reasons for many of its reactions are not 
completely established, the various grades are fairly well standardiied smd 
uniform, and the behaviour of the product can be controlled much more 
accurately than that of hide glue. Gunmerdal are produced by three 

processes and are known as self-soured, add, and rennet caseins, the firet two 
being useful for adhedve and paint lander purposes. The usual commercial 
material is add casein, made by adding hydrochloric or somerimes sulphuric 
add to fresh skim milk, carefully washing and drying the ctird. All traces of 
cream or butler fat must be removed from the fr^h milk or the quality of 
the final product is impaired, espedally for use as a paint binder and as an 
adhesive. It is very important to select only the best-grade, freshest casein 
obtainable in order to be certain of successful mults. 

Casein is sold as a slightly yellowish granular powdery ageing or exposure 
to air will turn it more yeUowisb, change its bin^ng scrength, and decrease 
its solubility. Whan nixed vrith water, ordinary casein does not dissolve but 
forms a sludge. When alkalis are added to the water the casein iramedittaly 
goes into a colloidal mlufion. For the coarser sort of cold-water paints and 
ocher commercial wall coatioga, soda or time is used to efiect the solution, but 
for use in grounds or tempera mediums for permenent easel painting the 
only permissibU alkaline materials are the ammonium compounds, ammonia 
water end ammonium carbonate, which are volatile and will leave no reridual 
alkali in the final product. 

Any traces of hydrochloric or sulphuric add which may remain in the 
casein particles as a result of the process by which tschnical casein is made 
(distilled wster extract from coxnmerdal casein will usually contain suffidant 
add to turn blue litmiu test-paper red), will be neutralized by the ammonia 
and so may be disregarded. 

Dry casein deteriorates in an erratic manner when allowed to age, espe- 
dally if exposed to air. It will usuaUy keep unaltered for three to four months 
in closed tins or glass jars; for careful, accurate formulas it cannot be 
pended upon for much longer than six months. For this reason many careful 
users recommend pumhasing direct from the manufacturer in small amounts 
if possible; sources of supply are nsantioned in thit book. 

In most redpes casein is measured by weight for reasons of accuracy, but 
an ounce of casein is approidmatfly equal to ounces by volume (fluid 
ounces), if no balance is available the volume measurement may be used, 
espedally when small amounts are required. In such cases it is always 
best to test the final gesso or painang medium to insure proper binding 
strength. 

The histoty of casein is long; in the form of curd or pot cheese, which 
znay be considered a crude or unpurified casein, it has been used as an ad¬ 
hesive and as a coarse cold-water peint from early times; its elEdency and 
permanence are well proven. Theophilus* described in detail, methods for its 
preparation and use. Because curd or home-made casdn contains butter fat 
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and milk sugar, and because its concentration is not ea^y controlled, its use 
as a substitute for modern commerdal casein is unwise. 


Casein Solutions 

Casua may be diasolTed according to the foDowiog method, which is tho 
usual one recommended by writers on the subject. The percentages of water 
and casein may hare to be altered somewhat according to the source of the 
casein^ those giren here are based on the casein mentioned under Sources of 
Maitriais. 

The casein is stirred well with water, preferably in a glass or enamelled 
ve»el (it is better sot to allow metal to come in contact with it during this 
procedure), and allowed to stand for seTeral hours. Clear ammonia water is 
then added drop by drop with constant stirring, a wooden rod or spoon being 
used, until the material is just duecdred and a thick, honeylike solution is 
obtained^ tbit solution has a faint ammoniacal odour which persists after 
thorough stirring. Tbo excess ammonia is then driven off by wanning the 
solution in a wator bath (double boiler) or by otherwise causing evaporation. 
For some purposes this need not be done, but when the solution is to be mixed 
with slkali^nritive pigments or other ingredients, excess ammonia is just as 
underirable as excess s^e, lime, or other non-volatile alkali. Svxch evapors- 
tion is espedaUy important if the ceseio solution b to be emulsified with 
nsins, etc.^ othermse the free elkeli will cause the solution to attack or 
saponify the other zneterials instead of forming a simpds emtiliion with them. 
It is not so important in the case of a simple gesso, where there are no such 
ingredients to be banned and where the excess ammonia will pass oiT with the 
drying of the gesso layers. Excess ammonia may be discerned by iu odour, 
and aiW by immarsing in the solution a strip of red litmus paper, which will 
turn blue if ammonia b present, Casrin should never be boiled. 

Pure, concentrated ammonia b pneralJy recommended, but a somewhat 
more dilute solution can be xnore earily controlled. About 9 c.c. of strong 
(20° Beumd) ammonis will be required to each ounce of casrin. When small 
batches are made it a better to diltue the ammonia to half strength before 
using. Vilth a little experience, it b easy to discern the difference in ap¬ 
pearance between the undbeolved or pertUUy drived particles of casein 
and the complete solution, by holding to the light a glass upon which a few 
drops are spread- At fim glance the air bubbles in the completed solution 
resemble particles. 

None of the published accounts of the ammonia process of dbsolving 
casein seem to mention oveniight soaking of the caseia, but when thb is done 
it increases the strength of tho solution so greatly as to. throw off the Hgures 
given in some publbhed redpes. Thb indicates ih« when the ammonia b 
add^ immediately after mixu^ the casein with water, solution b only 
partially effected, the inner portions of the casein particles remaining undb- 
solved. In very warm weather and when no preeervative b used, the casein 
b liable to decompose if allowed to soak more than three or four hours. 
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This period is generally suffidem to produce the improved solutioiii but 
where it is found that no detninpoatioa takes place, soaking overniehl is 
better. 

For use in the average geseo, 4 ounces of casein are mixed vrith 22 fluid 
ounces ^ water and allowed to soak as described above j then diluted pure 
ammonia is slowly potired in with comtaai etifring until the solution is com¬ 
plete. This liquid will make a paste with about 4 poxmds of predpiuced chalk 
and bind it with average gesso firmnees. About 54 fluid ounces of water are 
then added to bring it to brushing toansuocj. Because variations inmaieriab 
and conditions may require further adjustments, and because a smooth 
mixture free from lumps is produced, it is always wise to start the gesso in 
this heavy paste form and then thin it to the conristency required for its pur¬ 
pose. If the casein is not allowed to soak before adding the ammonia, about 

ounces of casein will be necessary to bind the tame amount of chalk. 

When the casein solutioo is to be mixed with dry colours for painting or 
employed as an ingredient in tempera, ihadlied water should be used, and a 
total of only a quart of water to 4 ouncea of casein will give s satisfactory 
strength in most instances. If desirable or necessary, the heavy solution can 
be used, with the total amount of water limited to 22 fluid ounces. This re¬ 
sults in about a quart of heavy solution. A more convenient small batch for 
such paint-medium purposes can be made by reducing the flguree{ for in¬ 
stance, a ^unce batch would require ^ ounce of cesaiD, 2 | fluid ounces of 
water, and about fluid ounces ^ water for final diludon. The very heavy 
viscoeity of this solution requires it to be diluted with water for the majority 
of uses. Some writers claim that all the water of a casein solution should be 
added at the time it is made, end that further dilution will tend to destroy 
the colloidal character of the mixturej but painters find that they can dilute 
such a solution freely without bed results. For use in spray-guns, casein 
gesso requires considerable further dilution, as will be deUrmined by 
experience. 

All casein solutions, particularly those which conuin no pigments, de¬ 
compose and acquire a putrid odour rapidly uxUess preservative is added to 
them. When a casein solution which does not contain preservative is used, do 
not attempt to store a remnant for more than a few days, but throw it away 
before it begins to go bad. The use of prseervatiTes in casein binders incxesses 
the resistance of the dried films to mould and bacteria, but cannot be de¬ 
pended upon to give complete protection when external conditions are 
adverse. 

An efficient end harmless preservadve for casein is sodium orthophenyl 
phenata, much used in industry. (See Presemahves.) It is used in casein 
solutions in the amoimt of about | to 1% of the dsy casein^ 1% may be ap¬ 
proximated by vzsing i to ^ teaspoonful to 4 ounces of casein. Pine is also 
used in industrial casein paints as a ^ e sei v ad ve, an odorant, and to prevent 
foaming. 

Because casein solutions change strength rvpndly on ageing, even when 
preservatives have been added, careful workers prefer to use A^shly prepared 
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solutions railior than to remaano of batches for later use, thereby 
assuring a more uniform behariour of materials throughout their work, 
Although the recommended preserritivee will be found effident for keeping 
casein mixtures in the studio for a reasonable length of time, thdr indefinite 
preservation on long stt«ge is doubtful. 

Ammonium Carbonaie Method. Casrin may also be dissolved by the use 
of ammonium carbonate instead of ammonia water. Ammonium carbonate 
is a white salt which eraporaies and pves ammonia gas- When it is used, 
the process of solution is completed within a shorter time because it r^uires 
no soaking, but the aminonia>watar method does not require heating for 
geeso lue. ^e solution is as pure as that made with ammonia watery it equals 
it in binding strength- To make the same quantity of geaso as is produced by 
the above ammonia-water recipe (about a gallon), stir 22 Quid ounces of 
water into 4 ounces of caadn in a water bath (double boiler), adding the 
water gradually to form a smooth mixture. Warm the casein in the double 
boiler gently and then add one ounce of pure ammonium carbonate which 
has been smoothed into a pane with a tittle water. After the effervescence 
caused by the betting of the ammonium carbonate has subsided, the solution 
is completed} it is then allowed to cool, whereupon the seme viscous solution 
as that produced by the method previously deccribad, is obtained. Ten addi¬ 
tional fluid ounces of water will produce e usable solution for paint-binding 
purposes} 28 fluid ounces will r^l in an approximate geseo strength} in 
emultioru and other mixtures the solution may be used in Its concentrated 
form. 

Because ammonium carbonate is eo volatile it should be purchs4ed in 
small amounts end stored in tight bottles or tins. 

SoiuUe Cojein. One of the rather recent improrements in casein for 
paint purpoeei, is the commercial production of a water-eoluble variety called 
mon>ammonium casemate. The standard method of diasolring it without 
ammonia is to dust it into cold water with stow stirring (in the proportion of 
4 ounces of caseinate to a pint of water) in the upper part of a water bath 
(double boiler). Aa soon ae it bae been added, place the vessel over the lower 
part of the double boiler and beat (not too rapidly) to 160* F., with slow 
stirring. Remove the veseal from the bath} continue stirring until the par- 
tides are coni|detely dusolved. This solution will be quite thick and heavy} 
for sverage gesso, use the prupurtions previously ^ven, and thin the batch 
by stirring in 40 fluid ounces of water and rnix with about pounds cf 
chalk. A more conveniant-tized batch for other uses (about 4 ounces), would 
contist of I ounce of caseinate and 2 fluid ounces of water. Two fluid ounces 
of water added after solution is effected will produce a strong Under} 7 fluid 
ounces more will make a gesso with a half pound of preQ|dtatsd chalk. 

This caseinate, when fresh, ^ves a clean white solution compared with 
the more yellowish one usually produced by ordinary casein, and it is a 
superior material for all-around use. In order to make it the manufacturer 
must select a better, purer, more carefully controlled casein than is usually 
sold for technical use. 
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A simpli^cation of this standard method, adequate for iAse in those cases 
where precise duplication of binding strengths is not important, is as follows: 
bring a couple of inches of water to the boiling point in a large enough vessel j 
mix the casdnate with cold water, in the same amounts as ahoTe, in a can or 
jar, stirring the mixture slowly and thoroughly until it thickens j then before 
it becomes too dry or pasty for easy rtirring, remove the pot of boiling water 
from the stove, set the can in it, and stir the solution \intil the characteristic 
honey-like mass is obtained. An addition of about half the initial amount of 
water must then be stirred in so that the mass upon cooling will remain fluid 
euottgh to be easily handled and diluted. 

As previously mentioned, it is more accurate to use dry materials by 
weight, but when no balance is available the following volume equivalents 
can be used: 

1 ounce casein=ounces by volume 
§ ounce casein ounce by volnme (5 teaspoonfuls) 

^ pound precifdtated chalks20 ounces by volume 

Formaldehyde in Casein, Formaldehyde, alum, potassium bichromate, 
and other chemicals have e hardening or toughening effect on proteins, but 
it is difBcult to maintain the properties or to control the action of a glue or 
casein solution which contains them, and the recommended procedure is to 
spray the finished coating with dilute formaldehyde. However, formaldehyde 
may be mixed into the above solution to produce a binder which has very 
high resistance to water, if it is stirred in with extreme slowness, not much 
more than a drop at a time. Use two fluid ounces of formalin (40%) diluted 
with 10 ounces of water, to every pound of casein in the solution. This is a 
slow procedure (requiring about 20 minutes), but more rapd pouring vpould 
solidify the casein. The solution should be used the same day. Formaldehyde 
is a powerful fungicide and germicide and in this case will serve as a mould 
preventive^ the large proportion used will compensate somewhat for the dis¬ 
advantages mentioned on page 284. 

Casein as a Binding Material, Casein solutions otixed with pigments will 
dry to form tough, homy films or masses which are considerably more re- 
dstant to moisture than those made with glue or gelatin. When sprayed with 
formaldehyde in the manner recommended for glue, they will become still 
more resistant. However, a casein paint is not to be considered an entirely 
water-proof product; it is always affected by moisture to some extent, and in 
the case of an artistic painting, where slight alteration of colotir efiect wottid 
be ruinous, it cannot be considered washable. The plain white or solid colour 
'washable’ wall paints made cf casein may be washed or cleaned with damp 
cloths and sponges because slight changes in fiat, blank areas are not notice¬ 
able. Dried casein paint films do not alter to any extent, if at all, with age, 
arti^ if giren the proper care and protection against external mechanical 
damages are quite permanent. Casein soltrtions serve very well for poster 
colours and for'secco and other mural techniques. 

A solution of casein as described in the preceding pages, made by a 
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formula contamid^ a total of aiz fluid ooncea of wator to an ounce of caaein, 
a little pr^ervatiTe, is mitabla for grinding figments ^ becausa of the 
raried ways in which such pcdnta may be employed and the great ▼ariation in 
IndiTidual techniqueSf the exact strength of the solution is best left to the 
dedsioE of the painter. The paints canaxaminad and tested as soon as they 
have dned out thoroughly under arerage painting conditiona. If the binder 
is too strong they will crack, flake, or chip ofli if it is too weak they will be 
crumbly and will dust off when rubbed with clean cotton { but it will be 
found that there can be connderable rariation in the composition of the 
binder before either of these defects occurs. If either is going to occur at all, it 
will be evident ^ery soon after drying. 

The paint of a pure cnswn paint may be tasted the same as egg tem- 
pere, that is, by alloinng normally thin bruah strokes to dry on a sheet of 
gltts end then scraping them off with a sharp knife. If the paint conies off 
very ea^y as a dusty powder there is insuffident binder in proportion to the 
amount od pagment) if it is tough and nroog and difficult to cut, there is 
enough. The casein Clm cannot be expected to meet this test in the manner 
of a tempera or oil psint and curl up in such a flexible shaving; it has, how¬ 
ever, sufficient flexibilily for the purposes for which it is generally used— 
i.e., on rigid plaster wella as a substitute for freeco, and as a paint on rigid 
gesso, cardboerd, or wallboard. 

Most authorities conrider that films made with casein binders, especially 
when completely dry and aged, are too brittle for use on canvas either as 
paints or grounds. If caseiD paint Is piled up lo very heavy impasto techniques 
on any sort of ground, cracking is likely to occur. 

Although the bApding properties cd casein in crude form have been known 
for many centuries, end the use of refined grades dates back well into the 
eighteen hundreds, straight casein paint usad for large easel paintings is a 
recent development. Since it bee no traditional background, the ultimate 
pemanence of such peuttiDg is an unknown quantity and has never been 
established either by the test of time or by lebmtory investigation. Pre¬ 
pared c as ei n paints sold in tubes vary conriderably both in composition and 
quahty. 

Cam'n Emuiaon. As remarked previously (page 179), casein may be 
emulsUied with resin var^bes and waxes, but because of the danger of ex¬ 
cessive and rapid yellowing it is not advisable to use oils. Few sundard reupes 
for casein etnulnons are to be finmd{ the experimenter will find that some 
combinations will serve various purposes. 

Damar C<uwt Emulsion. Dissolve ounces of monoammonium case¬ 
inate, as previously described, in 10 fluid oiuices of water. Stir in ^ teaspoon* 
ful of sodium orthopbenyl pbenete (page 284) and pour in 1} fluid ounces of 
heavy (S poxmd) damar varnish. Emulsify tlioroughly by vigorous stirring or 
with an electric mixer. When mixed with whiting and other jttgments to a 
stiff putty consistency, this material has derirable properties as a plastic gesso 
for repairing p a i ntin gs. Also, it may be sje'ead with a suajang knHe over the 
back tide of prepared col canvas, to make a semi-gesso ground) two coats 
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applied with Tery heavy $o as to leave tHn layers, are usually 

sufficient for thi* purpose. When thinned by the addition of more water, the 
same formula can be used a$ a tempera medium in which to grind pigments. 
For the latter purpose the addition of a litlle glycerin will improve the paini’a 
brushing qualities but wiH also make the reeuldng film more soluble. 

Some paintere report good results from the use of optimum quantities of 
Unseed or stand wl comb i ned with casmn, both as a ge«o and as a paint, and 
claim that if the proportion of oil is kept below a certain point, no yeUowing 
will occur. The amounts of cdl used in such cases would have to be so minute 
that it is doubtful whether they would have much plasticizing effect upon the 
product although a small amount of ml might help to keep the liquid gesso 
in suspension so that it would settle less rapdly. I do not know of any accurate 
formulas for such combinations or of any tests of them over a period of years 
which hare not shown a distinct and objecdoneble yellowing. 

Cas*in aa an Adhtswe. Casein as an adhesive has many advantages over 
hide glues. It can be appUed cold; glues require continual heat in order to be 
held in a liquid state. It dries to a more water-resistant mass; when treated 
with chemicals which harden or tan this mass, it is considerably more water¬ 
proof than glue hardened with similar chemicals. Formulas for introducing 
formahn, alum, and other hardeners into any adhesiTa must be delicately 
and accurately compounded or its usefulneee is destroyed by changes in its 
colloidal properties; such materials are more easily combined with 
adhesives than with glues. 

When a strong casein adherive is required, the commerdally prepared 
powders sold in packagee are recommended. These are carefully made, end 
include lime, sodium fluoride, and other meteriels which ere necessary to 
produce a usable, water-resistant, and powerfully adheave product. They are 
widely obtaineble in hardware and other supply stores. InstrucUons on the 
package must be carefully obeenred. 

Gutm 

Gums are mendoned on page 140 in connection with the distinction be¬ 
tween the terms ‘gum' and ‘reon*. Gums are the hardened saps which emide 
or are made to exude from certain trees. They are insoluble in alcohol or 
turpentine, but when mixed with water will either dissolve or swell to a 
jelly. When a gum is sOongly heated it chars, but a reein will bum with a 
smoky flame. All gums are quite hygroscopi^^that is, they have a tenden^ 
to absorb atmospheric mmsture; but thia is more marked when they are in 
their original or pure form then when they have been mixed with other 
materials. In the case of gum arainc in water colours, for instance, it is even 
necessary to add very considerable amounts of glycerin, honey, and other 
materials to induce this property, in order to keep the paint moist. 

Gum Arabic 

Gum arabic or gum acecza is a product of various trees which grow in 
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tropical Ada, Afri ca , and AoatraUa; the beA grades have alwa}^ been 
ohuined from Africa. Nuroeroua grsdea come into the market^ sometimes 
they bear the aam« of the locahciea of their ori^insi but it is often 
difficult to secure any specific varied, the material bang loosely grouped into 
two classes: the clean, pale varieties used in medicine and foods, and the 
darker kinds used for technical purposes. Generally the atnber or pinkish- 
brown varieties are supposed to have the greater adhesive strength, but their 
colour diRerence is usually due rither to sun-bleaching or to careful selection 
of the individual pieces when the gum is co l lected. 

Varieties known as gum Senegal and gum Eordofan are preferred for 
paint-binder purposes, the principai difference becween them seeming to be 
that Senegal is a FrezKb province and Kordofan is a district of British Sudan $ 
the tress are identical a:^ ao, for all practical purposes, are their products. 
The large, round, amber-ccdoured pieces are sometimes called torts. Gum 
Seeegel is harder and leas easily diatcdved chan the more common grade called 
simply gum arabic, and it produces a waur-colour medium whi^ has more 
balsmced workiBg ^ualides. It should be used whenever available. 

To dissolve gum arabic, boilijig water is poured on the powdered or 
crushed gum; if it does not dissolve st once, it should be left to stand several 
hours. Cooking or bealing (he sc^utiM makes i( dark, alters its propsrties, and 
gives it a pronounced odour. Common mucilage is usually gum arabic cooked 
with watar and containing a preservative and soma odorant such as an 
asssntial oil. 

Gum araUc is usad as a binder in water colours and some tempera 
mediums, as a strong adhesive, and as a siaa for various industrial purposes. 
When used alone H does not make a satisfactory Mnding material for pig- 
masts, aspedally in thick layers; some pigments will liver whan ground in it, 
and all radpee in which U is usad for this purposa cell for plasticizing or 
toughening ingredients. In water colour, however, it serves very well as a 
Under because it is not called upon to form a fUm. Without preservative, 

gum solutions will decompose, but not so badly as caeaui or glue. 

Chtrrjr Oum. Most varieties of wUd and cultivated cherry trees axuda a 
pale, clear gum which can be dissolved in waur. The gums from almond, 
apricot, peach, and plum trees are said to possess the same properties for all 
practical purposes. The gum may eerily be gathered from cherry trees, or the 
imported commercial material may be purchased. 

Aged, dry lumps of cbeny gum di^ve with great difficulty, and if al¬ 
lowed to stand in water until they are entirely dissolved they may decompose 
before solution is effected; solution has to be expedited by squeezing the mix¬ 
ture through doth to separete the dissolved portions the undiseolved 
remnant. The sticky gxim freshly gathered from domestic trees will dissolve 
more earily if very hot water is poured over it and it is well mashed and 
stirred aroimd, then allowed to stand for several hours or overnight. Cherry 
gum solutions are not true solntioiDS tike those of gum arabic, but result from 
a swelling of the material and an absorption of water. About an ounce of the 
gum to a half-pint of distilled wvter will yield a thick solution. This will 
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usually contain finely powdered l>ark end otlier impurities and must be care¬ 
fully strained through cloth^ very fine particles will settle out upon standing. 
If desired, the purified material may be preserred by storing it in the form of 
flakes, these being made in the same way that glue is flaked, by pouring the 
solution out on smooth metal, glass, or porcelaiii pdates, and allowing it to dry, 
then scraping it oH. The flakes are more readily soluble. 

Cherry gum has an ancient record as a raw mateiial in various processes; 
the substance and the method of its solution were menUoned by Theophilus,* 
It has been inferred that because this gum was among the early tempera 
ingredients, it may be a more authentic material than gum arable for use in 
following out the techniques of the Northern painters. It was also known in 
classical times and was mentioned by Dioscoridea,* but not as a painting 
material. Recipes for the use of cherry gum in emuldons or to replace gum 
arabic can be easily worked out; it emulsifies very well with all tempera 
ingredients, and is an entirely accepuble material. 

Cum TragaeanJh. This material is obtained from various spedes of 
galu4, a shrub native to Asia Minor. Is comes on the market in hard, dull, 
crinkly, ribbon-like pieces, sometimes yellowish, sometimes greyish-white. 
When soaked in water overnight it swells to a gelatinous mass which for some 
purposes is beaten or shaken to a homogeneous consistency used as it is; 
for other purposes it is boiled until it goes into a more fluid but still colloidal 
solution. Its chief use among artists’ materials is as a binder for pastel and 
chalk crayons; in industry it finds many uses as a thickener and stiffener. 
Cum Karaya, a material which swells enormously in water, is a cheaper 
substitute for tragacanth in industry. 

SarcfXolUi. This is a gtun obtained from Astragalus sarcocolla, a native of 
Persia. It is mentioned in some ancient writings and also in English 
eighteenth- and early nineteenth-century painting recipes, but there are few 
references to its use in more modern accounts of painting techniques. The 
material is used to some extent in medicine. It comes on the market in the 
form of small roixnded grains and agglomerates, its properties and behaviour 
are somewhat rimilar to those of giun araUc, but its chemical composition is 
difierent. 

Glues 

Hide glue and gelatin are discussed in connection with the preparation of 
gesso under Grounds and also on pages 525^ and 440. 

All spedality hide or bone glues prepared for use in the various industrial 
trades contain other materials added to import various properties; the most 
common additions are glycerin, which imparts flexibility, and dextrin, which 
gives a solidity, body, or structural reinforcement to the gel, reduces shrink' 
age, and improves permanent adhesion. 

White glue, sold in the form of Opaque white chips or flakes, is simply 
glue which contains a white ;^agTnent such as whiting or tine oxide; the latter 
is supposed to increase the adhesive strength of common bone glues. 
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Fish GIu4. Fish glaes are ordinarilj sold in liquid £orro, and because tha^ 
may ba used full stren^ cold, are o^n employed where the application of 
hoc glue is imprvticaL They are maadoned by the earliest writeis on tachnU 
cal subjects, hut hava always been conadered lose desirable from the point of 
▼iew of durability and adhesiTeness than the hide and bone glues. Few 
established techniques of the |mseni day call for their lise. 

Isinglass is a superlative grade of Gsh glue made by washing and drying 
the inner layers of the sounds (swimming hUdders) of hsh. The best grade, 
Russian isinglass, is obtained &om the sturgeon. It bears the same relation to 
fish glue that geladn hears to common bona giue^ it is a rather outmoded 
material and has few ap|dicatioos where geladn cannot be substituted for it. 

FarchTntJU Ghu. If one sbotdd have any reason co attempt the home 
manufacture of the traditional parchment glue, its preparation is quite 
simple, according to formulas fnxa those of Qwipim down to those of the 
industrial redpes of the mid^nineteeotb centory. Bml parchment scraps end 
clippings in water (1 ga&on to each ounce of puchmeot) for four hourv. Do 
not allow the water to bml furiously, but keep it just at a boil The resulting 
hquid may he dried to thin sheets w the same way commercially prepared 
glues are dried: whan it has cooled and is beginmog to thicken h is poured 
down the udas of metal plates or win screens, and allowed to dry in a free 
current of air. Porraulas for the use of such home-made produas must be 
worked out by the user. 


Paste 


Common paste is made by mixing flour or starch smooth with a little 
water, then adding mon water to make a thin milky consistency, and care> 
fully heating with consuni stirring undl the hatch thickens. Proportions 
vary, depanding upon the nature of the materia! used{ aoma staiches thicken 
more readily than othen. Prepared powders are sold in paint stores under 
various trade names and are tobe prefsrred to ordinary flours Sot average pur* 
pcsM because they have been selected as the best materials for paste making. 
Follow instructions on the pecka^. Such heavy-viscofity pastes do not require 
cookings the powder is dm|Jy sifted into hot water gradually, with consuni 
stirring. 

For more exacttog work, asin the mounting ofvaluahle|»ctures on paper, 
the following paste is recoaunended fay Plenderleith:^ 


BookHnder^s paste 

or approximately 
1 f ^ ounces 
jounce 
4^|Anu 
^ fluid ounce 

Mix the flour and a little of the water with the bands to a thick cream, 
add the slum, then stir in the rest erf the water boiling hot. Heat in a double 
boiler^ stir until 


‘Wheat flour 
Alum 
Water 
Formalin 


500 grams 
7 grams 
2250 ml 
7 mL 
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Because of Tariations in the yiscoatj of pastes made from different flours 
and starcheSf and because of indiridual requirements, published redpes 
usually require a little adjustment 

Dextrin. Dextrin is manufactured from wheat siareh and comes on the 
market in a number of grades from a pure white, odotirless, tasteless product, 
to a brownish, yellow powder with a sweetish taste. The usual commercial 
grade is canary or yellow dextrin and it llnds many uses in industry where a 
cold adhesire is required. White library paste is often made from dextrin. 
Its property of drying to a compar«ive2y glossy finish makes it of ralue in 
some paper-coeUng and water-vtmish uses. It is employed in some com¬ 
mercial water colours, and also in admixture with animal glues for special 
purposes. 

Glycerin 

Glycerin or glycerol is a heevy liquid which has oUy properties but is 
miscible with water ^d alcohol. It is non-Tolatile and permaneoi. Ths C.P. 
and B.P. grades, which are the only kinds for exacting use, are colourless, 
odourless, and have a sweetish taste. Glycerin is quite hygrosoo^i this 
propeny, however, diminishes as it is mixad with other ingredients; for 
example, glycerin can be added to solutions of gums, etc., up to 20% without 
greatly increasing their tendency to absorb atmospheric moisture. Because of 
its combination of properties glycerin may be used as a plasticizer in aqueous 
me^ums. Chemically, glycerin is neutral; it is classed as an alcohol. It is 
obtained from fata and oils as a by-product cff aoap and candle manufacture. 


Preaerratives 

In order to prevent solutions of casein, gums, glues, etc., from decom* 
posing on stor^e, minute amounts of certain materials which have the pro¬ 
perty of inhibiting the action are mixed with them. Decomposition may be 
caused by mould (see page 549), bacteria, or fermentation; preservatives 
which guard sgainst one action wiH not neceMrily be effective against 
another. A dried film of aqueous paint will rerist the growth of mould if it 
contains a fungicide. For these purposes a preservative 

1. must be water-soluble. 

2. must have no effect on the properties or colour of the medium. 

5. mutt be sufficiently powerful so that minute amounu will be effective. 

4. should not be changed ot destrc^ed by any subsequent treatment the 
medium undergoes. 

5. should be safe, convenient, and unobjectionable to handle (some strong 
ends will attack grounds, jxgments, etc.; some preservatives have a 
disagreeable odour). 

6. should not be volatile. This is important when permanent protection 
of the film against mould is required. 

The amounts of preservative required vary according to conditions; the 
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propordom mentiODed here here heen adapted from the results of published 
researches aad from manufactureis* recommendatioiisi under adyerse coq> 
ditioxu thej maj not be sufBdent. The minute quantities used in $ma]l> 
scale batches will haye to be ap^irommated. A preaervatire is not intended to 
preyect a material from decomposing; or lodog its deeirable properties by 
chemical or physical action, and has no power to check such failures as 
hardening, becoming rubbery, sepentioD of components, etc., which are due 
to reactioni between ingredients and not caused by organic growths. 

Sodium Grthophenjrl pftarxtU ia an effective presamiive for casein and 
gum solutions which meets all the above requimnancs. About 0*5 to 1 % of 
the cas^ or gum content of the solution is recommended) 1% may be ap> 
projdmated by using i to } teaspoon to two ounces. 

Sodium tridilor phtnate, is a similtr material recommended for use with 
hide glue. Use 0*5 to 1%. 

Bsta naphthol is an eSkieni presarratiTe for gums, also for caseinj it has 
been recommended and used for • great many years. The powder is only 
slightly soluble in hot water, but sti^ently eo to obtain the low conceutra- 
tioos required. Use 0*5%. 

SeTtral ioorganic sahs are also used. The best of these are zinc chloride 
(0*5 to 0*6%) and magneoum nlico-fluoride (0*2%these are especiiUy 
effectiye for the prerention of RWuld on textiles, wl^e sodium fluoride (1 %) 
is especially effs^ye for the types of mould which infest wood and cause dry 
rot 

Formald$hyde. As little es 0*5% of this will ea as an effectiye fungicide) 
it will also inhiHt growth of bect«ia. Because of its reaction with proteins it 
is seldom used except in starch pastes, and beuuse at is volatile it is not de¬ 
pendable as a permanent mould preventive for dry Elms. 

Phtnol (carbohc add). This has been eccepted in the pest as a more or less 
standard preservative, antiseptic, and germicide, but it has several disad* 
vantages. It is volatile, and has a powerful odour which it is customary in 
industry to mask by the addition of an odorant such as oil of sa.ssafras or some 
other assential dl Despu its disadvanuges, it is still employed widely, 
npedally with gum aralnc solutions, because of its thoroughly known be> 
haviour. Owing to its powerfully cor rosi ve action, it should be purthssed in 
weak concentration, e 10 % solution, for example, to be used for the average 
formula in the proportion of 1% of the total liquid (J teespoonful to 4 fluid 
ounces). 


Waxes 

The vegetable and animal waxes belong chemically to the group of oils 
and fat# discussed under Dryvtg Odsy and they enter into the same sort of 
chemical reacfrons- Paraffin and other mineral vraxe# bear the same relation 
to them as the mineral «ls bear to the drying dls; they reeembls them in 
superfldal properties, have some amilar phywai or technical uses, but are in 
a class apart in their chemical behavioun. When the unqualified term wax is 
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used in descriptions of jaoceesas or recipes for artists’ materials, beeswax is 
always meant. All waxes melt below the boiling point of water, and can be 
melted in a water bath. 

The temperatures quoted as melting points are uken from sereral labora¬ 
tory sources} the range of sereral degrees is due not only to the vaiiation in 
raw materials but also to the method used and the conception of which is the 
ex^ melting point. Thera is always some range between the point where 
solid wax begins to melt and the pcwt whero molten wax begins to solidify 
Waxes are saponified (made into soap by alkalies) the same as are oils, fats, and 
resins. 

Beeswax. Beeswax may be porchased in two rarieties: the rirgin, or natu¬ 
ral brownish-yellow material, whkh is melted down fiom honeycombs; and 
the white product, the best grade of whkh is carefully separated from all 
traces of honey and other impurities and bleached by exposure in thin pieces 
to the sun. The white is usually a trifle harder than the yellow. Whiu wax is 
recommanded for most purposes requiring care, espedally when colour cf the 
product is an important conadention. When it must be melted, care should 
be taken to avoid overheating or frying} otherwise it may turn dark brown, 
u butter does. Beeswax melu at 65-66* C 

Beeswax is the principal wax used in recipea for artisu’ materials. Other 
commercially availeble wexea which find occasional uses may be briefly 
mentioned as foUowt: 

Carnauba fFax. Melting pcdni 85-86* C. Obtained &x>m the leevei of a 
Braailian palm. Camaube b the hardest of the waxea, useful for imparting 
hardness and durability to wax mixtures. It is sold in several grades from a 
creamy yellowish-white to a tannisb-brown colour. 

Candsitlia Wax. Melting poiot 67-71* C Obtained from e weed native to 
Texas end Mexico. It has a brownish colour, is next in hardness to cernauba, 
and finds a use in Industry as a cheaper substitute for it. 

Chin$S€ Ins9Ct Wax. Melting point 79-85* C. This wax is produced in 
much the some way as shellac. It is a fairly hard yellowish-white wax 
used for general purposes in China and Japan} a rather good substitute for 
beeswax. 

Japan Wax. k faintly yefiowish, rather soft wax with an adhesive or 
sticky feel, obtained from several species of sumac grown in China and Indie. 
Lacquer is obteiaed from these trees, and the wax is a by-product. Malts at 
60-52* G., but when recently solidified may have an errati^y lower melting 
point for aome time. 

t^wrmaceh. Obtained from the head cavidea of the sperm whale; it is 
clean, white, translucent, crystalline, and brittle and has a melting point of 
^1—44* C. A rather outmoded material in the arts. 

Paraffin Wax. A refined petroleum product. It is more inert than the 
animal or vegetable waxes and is unaffected (not saponified) by alkalies. It is 
sold in a number of grades with melting pouns rangine; from about 50* C to 

60* a 

Monian Wax; Otokeriu. So-called mineral waxes, obtaioed from crude 
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bitumens which occur in varioiu localTtaftt. Thof are usuallj black or very 
dark brown. 

Ceresin. Refined &om ozokerita. It is a pure white or j'eUowish product, 
something of the order of paraffin wax, but its higher melting point and 
superior properties cause it to be used as a substitute for beeswax in many 
applications. Different Tarieties melt at 61 to SO* C. Some grades are mixtures 
with paraffin wax. 

Sutific Add. Refined foozn animal fats. Ic is an inexpensire, white, waxy 
material, easily sapoolRed. Used in a number of industrial products, such as 
candles, cosmetics, etc. Mehiog point, 6£^71* C 

Most wiLxes do not dissoWa to clear idutions in the volatile solvents, but 
when the molten wax is thinned with suffident solvent they will form cloudy 
Uq^uids or pastes. Carbon tetrachloride is considered the best solvent for 
beeswax. 

Punic Wax. Pliny and l^oscoridas refer to a wax preparation used by 
painters, and although their dascripdoos of its preparatioxi are rather com¬ 
plete, there has been much discussion over its nature and the aauaJ extent 
and purposas of its application to painting. It was made by exposing yellow 
beeswax to the air for some time, then cooking it with repeated boilings and 
additions of set water and pocaaaum carbonate. The fbsiny mass wu than 
poured into cold water, and afterward exposed in a basket to the bleaching 
action of sunlight. BergerV’ rsdpe for duplicating Punic wax employs 
bleached white wax, which should mtka the sun and sea-water treatment 
superfluous. 100 grams of white wax are cooked with 10 grams of potassium 
carbonate until the wax goes into solution. The mixture is stirred continually 
during cooling, after wbkh it nay be thinned to a salve consistency, This 
soap is suppos^ to be mixed with pigments and used as s painting medium. 
According to Laurie,** Berger was in emr, and the conditions under which 
the on^al product was made did not saponify the wax, but merely bleached 
and rsflned it. If this is true, Punic wax was merely white reflned beeswax^ 
othar modem investigators concur in this oputioo. If a saponifled wax is re« 
quirsd, tha wax soap daacribed under Wax Emuldonx is a less objectionable 
mateiial than that mads by the above procedure; it is likely to be less hard, 
which is an advantage in our cdd dimate. 

The fact that wax is known to have been an important if not the prindpal 
matenal used as a maditun for andent Greek painting, has led to much 
speculation as to the methods of its applkation; no important examples of 
such works of the best Heilenk periods have survived, and Pliny and the 
others, after describing the preparation of the materials, did not go into any 
detail regarding studio {xocedure. Moat researches on andent wax painting 
were done in the middle or late nineteenth century when the subject was, 
apparently, of greater interest to painters than it is today. 

Encaustic or Hot Wax Painxin^. The process of encaustic painting is of 
interest clueily because of its evident wide use in this early period; although 
the results are permanent and durable, the manipulations are too dumsy to 
allow of its application to tbe average requirements of modem paintines. 
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Considerable discussion, research, speculation, and argument hare been 
carried on by most of the writers who treat of the history of methods and 
materiab, as to whether the Greeks did not have a second method of utilizing 
wax which was more capable of produdng the highly praised effects of the 
half-legendary painters of early Greek an. The encaustic process as recon¬ 
structed by means of literary refarencas, miscellaneous reli^ and surviving 
implements, is as follows; 

Prepared Ublets of pginents mixed with wax (presumably pure, refined, 
sun-bleached beeswax) were melted and applied to the wall or panel with 
brushes. These colours were called waxes as we call our colours oils, and simi¬ 
larly, the term was also applied to finished picoares. Because Pliny menrioiu 
the fact that oil will mix with molten wax, some writers suggest that oils or 
redos may have been added to the wax colours at this stage, and this is quite 
likely. The work was then gone over with instruments of various shapes, 
resembling soldering irons, heated over a brazier, and the picture blended, 
refined, and melted into as smooth and even a coatiag as poadble. Laurie,^ 
Berger,and others have published detailed accounts of this process. 
Electrical headng devices would fadliute the application of wax colours 
if the process were widely used today. Wax tempera, or painting with 
a liquid wax medium which can be diluted with weter, is described on 
page 1^7. 

Waxes have the greetest degree of impermeebility to atmospheric moist¬ 
ure of any of our protective metariels. Next come rerins, then oils. Waxes 
have therefore often been recommended as final coatings for oil and varnish 
surfaces, although their resisunce to other mechanical forces is lees then that 
ofrerics or oils. 

Heaton** recommends the applicetioD of wax to tempera murals, as 
giving permanent protecdon and producing the type of finish that does not 
easily attract or hold dirt. He describes successfully applying to a mural a 
solution of one ounce of white cererin in foitr ounces of toluol, by spreading it 
thinly over the painting with a brush. After the solvent has evaporated, the 
white, crystalline wax obscures the pacture. The face of the picture is then 
gone over with a suitable headng apparatus, arranged so that it is kept at a 
uniform distance from the wall, whereupon the appearance of the picture is 
returned to normal, the wax coating having no optical effect upon it. The 
mat varnishes made with b e eswax, as meadoned on page 155, will give 
similar results. 


Some Miscellaneous Oils 

Castor Oil. Caator ml is obtaiiied ^m the seeds of Ricvmt communu, a 
plant which grows wild or is cultivated in many tropical and semi-tropical 
regions. Besides its familiar use in medicine, it is widely employed as a lubri¬ 
cant and as a raw material in a number of technical processes. It is obtainable 
in several highly refined grades for technical use. The unique property which 
distinguishes castor oil from the other vegetable oils is its complete solubility 
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in ordinary alcoholi it also mix« with all vagauUe oils, rurpantine, and most 
other solyents. 

Castor oil is non-drying, but lacquers, shellac, and other rapidly or 
strongly drying compounds will carry rarious proportions of castor oil along 
witt^ecn, generally to the increase of fleiaWli^ of the Blm. Its solubility in 
has uu«d it to be recommended for use in the removal of varnish 
films from paintings (page b+5), and it has been utilized industrially as a 
plastidzer for cellulose lacquers. 

Mirural Oii*. The heavier portions of some crude petroleums, after the 
light or volatile ingredients such as petrol, mineral s^t, and kerosene have 
distilled off, are refined further to produce a great variety of heavy oils 
for lubricanng and other purposes. These metarials are not only non-driars, 
but they are chemically and molacularly different from the vegetable oils 
and cannot be used in conjunction with any of our accepted painting pro¬ 
cesses. Because they are called for in certain redpes for such products as 
polishes, plastic compounds, etc., and are in rather common technical use, a 
few of the more refined grades may be listed here: 

Ordinary refined paraffin oil is sold in several grades," more or less 
strongly coloured, brown or brownish-yellow with a vary pronounced bluish 
bloom. These grades are ueed in the more common floor polishes. 

De-blooroed parsflin ml bes a pale golden colour, very slight or no bloom, 
and is used in higher-grade polishes and household lubricating which are 
usually perfumed with essential oils such as dls of Umoo, dtroneUa, or cedar 
wood. 

White mineral oil is supphed to industry for use in coemetjcs, medicine, 
etc., in a variety of gradsa from i thin-flowing oU to a very heavy one. 

Petrolatum (vaseline) and peraflin wax belong to this same family and 
have only superfidal phyncal properties in common with vegeuble and 
animal fats and waxes. 

r^s E tf f n Oal Ofis. The aseentiil oak may be briefly described as the 
odorous or perfume-bearing liquids extracted from flowers, leaves, woods, 
and other vegetable sources as well as from soma animal sources. They are 
not oils in the same sense w is linseed oil or mineral <^. The essential oils are 
of little importance in the consderatios of painting materials, but a few of 
them are msndonad in antiquated redpes. One is dl of doves, which is a 
weak preservatiTe wbc«« funcdoD is partially the masidng of the odour of 
decomposition^ oil of cedar and oil of Ureoder, apart from the usefulness of 
their odours, which disgxuse more objacdooable smells, have a definite effect 
on the physical properties of sprit vanushas, and retard the drying of paints. 
Oils of saaesiras, wintergreen, dtroneUa, and lemon, as well as some of the 
more expensive flower essences, are often used as odorants in various techni¬ 
cal compounds. 

Oil cfSpiMs or Spike-Imier^er. This materiel is not to be confused with 

* There ire at present no branded white mlDeral or paraffin being marketed 
in Great Bricaio, and no de-bloen^ paraffin. Ihs oUa aM by oil companies are the 
'pool* grades which are distributed by the Ministry of Pnel and Power. 

2d6 



MISCELLANEOUS OILS 

the mie or odorous oil of lavender (oleum lavandulas), a flower essence used 
in perfumery. Oil of spike is distilled from a broad-leafed variety of lavender, 
Lavandula sptca, -which grows wild in Europe and is extensively cultivated irt 
Spain, It was first produced in the sbcteenth century, about when turpentine 
was introduced, and for some time was rather more widely employed, pei^ 
haps because it was more conveniently available. Its large-scale use became 
obsolete with the commercial production and distribution of turpentine. Its 
properties and chemical characteristics are similar to those of turpentine; it 
has considerably more tendency to gum or oxidite when exposed to air. Be¬ 
cause it has a slower rata of evaporation, it has been recommended for use in 
varnishes in order to improve the levelling or flowing out of brushmarks. 
Most painters have rejected it in favour of turpentine. 

Older books sometimes recommend the use of the true or fragrant oil of 
lavender for the above purposee; also the use of oil of cloves and oil of rose¬ 
mary for their levelling propardes, and oil of doves for its extremely slow 
drying rate, which will retard the setting of dl paint- None of these essential 
oils is at present employed in paints to any extent- The modern lacquer 
diluente serve these puTpKwes in industrial use, as mentioned on page 271. 
Some such additions are quite effective; others, based upon theoretical 
grounds, are less successful in practice- Modem techniques in general are 
more concerned with the acceleration than with the retardng of diying. 


List of Common, Obsolete, and Foreign Names for 
Chemicals and Raw Materials, and Their Correct 

Equivalents 

Symbols; 

0 obsolete in current English and American usage. 

X obsolescent; no longer in general use but still encountered occasionally, 
p term used only ifi pharmacy, 
f foreign, 
t trademark. 

m term used only in mineralogy; refers to an ore as dug from the earth, and 
not to the material in a refined or pulverized state. 

fFordi immarhed are in good common usage. Some chemical formulas are 
givenfor purposes of specific idcntificaiion or comparison. 

Acetic ether or ester—Ethyl acetate. 

0 Acid of sugar-^salic add. 

0 Air saltpetre—Caldum nitrate 4* caldum nitrite. 

Alum—Potassium aluminium sulphate—K,S04.Al,(S04),.24H,0. 
Alumina—Aluminium oride, Al^Oi. 

Ammonia—Ammonium hydroxide, (NHJOH, a solution of ammonia gas 
(NHj) in water. 

0 Aqua fortis—Nitric add. 
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Aqua 1 ‘egia—1 part nitric add to 5 <74 parts sulpliuric add. 

0 Aaote, aaotic—Nitrogen, nitric. 

BaHQgsoda'-'<SodiumUcarbonate (aMiiumadd carisonace), NaHCO,. 
Banana ml—Amjl acetate. 

Barite—Barytes. 

Baryu or Baryte—Barium, The form baryta suiriTes only in the follow- 

in^. 

Baryta water—Saturated solution of barium hydroxide. 

X Bengal saltpetre-^Potasdum nitrate. 

X Benjamin—Benaoin. 

Bleaching powder—Caldum chlorohypochlorite, CaQOO. 

0 Blue copperas—Copper sulf^tate, CuS 04 . 5 Hs 0 . 

0 Bluestoa^— „ „ 

X Blue ritriol— „ „ 

p Boradc add—Boric add. 

0 Brimstone—Sulphur. 

Britiih gum—Dextrin. 

Burnt alum—Anhydrous alum, 

Burnt line—Lime, GaO. 

0 Buttarof—Chloride of. 

m Caldte^NatiTa caldum carbonate, rbombohadral oysUls. 
f Caoutchouc—Rubber. 

X Carbolic add—Phenol. 

t Carborundum—Silicon carUda, SiC (an abradva). 

0 CauMum—Curd w auda casein. 

Caustic potash—Potessium hydroxide, KOH. 

Caustic Soda—Sodium hydnudda, NaOH. 

Chanio—Blaaching powder. 

0 Chili nitre—Sodium nitrate. 

0 Chili lahpetr^— „ „ 

Chloride of lime or chlorinated Um^—Bleaching powder. 

Chlorinated soda—Sodium hypochlorite solution, NaOQ water. 

Chrome alum—Pouasium chrotnium sulphate, R^Cr|(S0j4.24H|O. 

0 —Rouge, red oxide. 

0 Colophony—Rosin. 

Colza oil—Rapeseed oU. 

Common salt—Sodiuin chloride, NaQ. 

S Copriee—Copaiba. 

Copperas—Iran (ferrous) sulphate, FeS 04 . 7 H| 0 . 

0 CorrosiTe sublimate—^Bichloridettf mercury, HgO^. 

Corundum—Crystalline aluminium oiido. 

Cream of tartar—P<nasrium hydrogen taiterate, EHC 4 H 4 O 4 . 

Cryolite—Naava sodium aluminium fluoride. 

Eau de JaTsUe—‘Solution ofpotaasitunor sodium hypochlorite 
Eau de Labarraque—S^ution of sodium hypochlorite, NaOCI. 

Emery—Impure alumimiun oxide. 
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Feld*p«r—N kit® alicatee of aJuminium comUned with sodium, voi&e- 
cum, or cslQum. ^ 

0 Flowers of (a metal)—Oxide of. 

Flowers of sulphur—An allotriiac form of sulphur, a &ie powder. 
Fluorspar—Naiire caldum fluoride. 

Fusel oil—Amjl alcohol. 

Glauber’s salt—Sodium sulphate, NajSO^.lOHjO. 

0 Greek pitch—Rosin. 

X Green Titriol—Copperas. 

0 Hartshorn—Ammonium hydroxide. 

0 Hartshorn powder—Chalk or whiting. 

0 Hartthom salt—Ammonium carbonate^arbamate, NH^HCOj.NHjCO,. 
NH^. 

0 Hartakorn, s^t of—Ammoma water. 

0 Hasting’s naphtha—MetbaixJ. 
m Heavy spar—Barytea. 

Hfdromal—Honey+waur. 

Hypo—Sodium ihioaulphate, Na^/),.5H,0. 

Javella watar—See eau de Javalle. 

Kaolin—China clay, hydrated aluminium salicata. 

Land plastar—Powdered gypaum. 
m light spar—Nadre gypsum. 

Limewater—Calcium oxide solution. 

X liver of sulphur—Potasaium sulphide. 

^ I Lunar caustic Silver nitrata. 

Lye—Potassium or sodium hydrooude, usually sodium hydroxidej also 
(0) a general term somatunes applied to any harsh alkali. 

Magnesia—Magnesium oxide, MgO. 
m Magnesite—Native magnesium carbonate, rhombohadral crystals. 

Methylated spirits—denatured akoh^. 

0 Milk of barium—Barium bydroxida in water. 

0 Milk of lima—Calauxn hydroxide j slaked lime, 
p Milk of magnesia—Magnesium hydroxide in water. 

0 Milk of sulphur—Finely divided (predpitated) euljAur. 

X Morelle salt—Aitaflcia] red iron oxide. 

0 Muriate of—Chloride of. 

0 Muriatic add—Hydrochloric add, HCL 
f Natron—Sodaj sodium carbonate. 

Nitre—Potassium nhrate, KNO^ 

Nitre cake—Impure sodium sulphate, containing sulphuric add and 
sodium add sulphate (NaHSOJ. 

O Oil of tartar—Deliquescent potaadum carbonate. 

0 Oil of vitriol—Suljiuric add. 

0 Pearl ash—Potassium carbonate KyCO^. 

Pipe day— Xaftiin. 
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0 Plumb&go—Gnpbite. 

0 Pcrtasb—Potassium byAtoide} also a loose term for potasaum and its 
compounds. 

Quicklime—lime, CaO. 

QuicksilTtr—Mercury- 

Rectified sprit—90-d5% ethyl alcohol 

RocheUe salt*^odiuin potassium tartrate, NaEC4H|Of.4H|0. 

X Sal ammoniao—Ammonium chloride. 

Sal soda—CryBtalline sodium carbonate, NagCO^.lOHiO. 

X Sal volatile—Ammomum carbonate (NHJiCO,. 

0 Saleracus—Sodium bumbonata,NaHCO|. 

Salt cake—Impure sulphate consainmg sulphuric acid. 

0 Salt of wormwood) 

Saltpetre—Potassium nitrate, KNO|. 

Slice—^con diorida, SiO^. 

$oii4_Ordinaiily sodium carbonete, but the term is so loosely used, 
espedsUy in dder eccousts, that it may app^ to any common sodium 
compound. 

Soda ash—Anhydrous sodium carbonate, NeiCO,. 

Sodium hypoaulphate—Sodixim thkeul^te. 

Soluble glass—Solution of sodium nlkate, NafSiO|. 

0 Sprit of wine—(Ethyl ekohol, 84%). 

X Spirit of sbH—H ydrochloric acid. 

X Sugar of lead—Lead acetate, Pb(CyH«0|).H^. 

Sweet oil—Cottonseed, olive, or repeseed oil 
Talc—Hydrated magnerium olicete. 

Tartaz^-Crude potasoum hydrogen tartrate. 

X Vitriol—Sul|Auric add. 

Water^glaie—Sodium silicate. 

0 White vitriol—^nctulphete, ZnSO|.7HtO. 

X Wood alcohol—Methanol. 

0 Wood naphtha—Methand. 

0 Wood sfwt—Methanol. 

Pharmactutical Nanui. The pharmacists have a terminology and system 
of weights and measures of thdr own. The names of various chemicals and 
natural products as esublished by custom and usage in the technical arts and 
in manufacturing, ere often at variance with those offidally established in 
pharmecyi this is sometinies important to remember when purchases are to 
be made from a retail druggist or even &om some wholesalers whose trade is 
principally with pharmacists. 

In England and the United States, apothecaries’ weight is used for rnedi* 
cinal prescriptions, and more often not anth^uated names, obsolete in 
common usage, mostly Latin or Latinized, are used to describe materials. 
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There is, however, a good reasoo for this. Many of the products are complex 
mixtures dedgned for medidnal use; others are ample substances but must 
be of a certain uniform quality or potency required in medidne; through the 
use of such specific terms fra* these materials, the druggist knows exactly the 
proportions, quality, and strength of the product deagnited by the physicdan. 
Apothecaries’ weights and measures are listed under B^eighis and Meamr6s. 


Thermometer Scales 

The centigrada thermometer has aero, 0*, as the freezing point of water 
and 100* as the boiling pcdnt; the Fahrenheit scale hu the freezing point at 
52* and its boiling point at 212*. To convert centigrade degrees to Fahren¬ 
heit, multiply by 9, ditide by 5, and add 52. To conten Fshrenhrit to ceati- 
grsds, subcraa 52, multi|dy by 5, and divide by 9. 
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T he first put of tlu> cluptor U s ^enenl outline of cortaio olomen- 
tary or fundameotal tboones of chemistry combined with deecrip- 
tioss of the chemicals and raw materials likely to be encountered. 
Ai is the pracediii^ chapters, completeness has been subordinated 
to the main purpose of sup|dyiog the most useful information in the most 
available form for those with little or no chemical background, and the see- 
don doea not attempt to be a thoroug;h, orthodox manual of instruction. A 
good deal of the material is elementary, well known to the reeder of everage 
education, and perhaps understood by him more thoroughly tlien tlie chapter 
presents it. It is included as a matter of record and to establish a basis for 
many of the statements made and the terminology used throughout the book 
end other technical wo^f also to avoid repetidons and distracting remarks in 
the text of the various saccions. The second part of the chapter deals with 
chemistry u it is directly involTed in the various processes discussed in the 

text. 

The complexity of all the various cbemieal and pbyrical changes which 
artists’ mitsriels may undergo, should be taken as e werning to abide strictly 
within the bounds of the accepced rulas and regulations governing the 
methods, procedures, end clvtce of materials of the various painting tech> 
niques. All of these regulatiooe have been most thoroughly investigsted by 
competent euthoridee during the recant past, end most of them are based on 
sound theorise subetandeted by the test of tune and usa. 

Gtemistry is the study of the properties of the various forms of matter. It 
has also been defined as the study of chamkal change. Those engaged in the 
study or prance of chemistry may be divided into two classes, and the ardsi 
will note a certain cmilarity between them and the modern divisions in the 
practice of art. Chemistry may be approeched sdaly for its utility or its ap^- 
cation to some branch of ^nctical endeavour, such as medidne, the produc¬ 
tion or development of an industrial or commertial product, etc. It may also 
be engaged in intensiTely for hx own sake, that is, for the progress and 
achievement of the sdence itself without any direct application to technology 
or actual practical use in evefyday hfe. Both branchee follow closely the same 
procedures and both require of the chemist the same complete knowledge of 
basic theoretical principles, correct methods of procedure, and general com- 
peteuce. 

Chemistry as applied to the |vocesse$ of an falls into the classification of 
applied technology, In the j^esent account we are interested in the reaUza- 
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doD of only enough hade piindples lo eipUm the limited nombar of reac- 
doos with which wa come in coouctf materiah and reactions have not been 
couddered beyond the point where they have to do directly with our own 
problems. 


Part One: Definitions, Theories 

The difference between chemical change and physical or mechanical 
change is perhaps the bast-known or most remembered jaindpla of chemistry. 

A physical change is one in which the properties of a substance are altered 
in such a manner that the original nature of the substance may sdll be recog- 
nisedi although there may faava been great changec in appearance, useful¬ 
ness, or function, still these are limited to propenles sut^ as size, shape, 
colour, or consistency. If a sack of charcoal be rubbed to a powder, it is 
changed, useless as a drawing crayon, more useful perhaps as a black powder 
to be dusted on a surface, but at any rata it is still chai^l. Paper tom up 
into tiny bits is still papery it u even posdble to mash it up to a pulp with 
water and make a continuous sheet out of it again. 

When damar resin is dissolved in turpentine to make damar varnish, 
coated on a surface, and allowed to dry, the entire procedure is mechanical} 
the coating is notkdng but a thin Him of the origi^ renn, its shape only 
having been altered, and if deared, it could be dissolved into a varnish again. 
When linseed oil dries, the change is chemical. The dried oil Him is an 
entirely now material} it resembles the original otl in colour, but otherwise 
we could not identify it with either the original ml or the oxygen which com¬ 
bined with it. Oxygen is a colourless gas; linseed oil is a mobile liquid which 
is miscible with and soluble in turpeoiue. The new product is neither, but is 
a dry, homy, insoluble mass which cannot again be ttsed as a painting 
medium. A chemical change is one in which the properties of the origind 
material or materials are entirely changed, and the resxilting product is a new 
substance, with new propertiee. The actual process of a chemical change is 
called e reaction. Some reections are reversible; one or more of the original 
materials may go back or be catised to go back to its original slate. Other 
actions are irreversible and their products will not combine again. 

Chemical reactions occur because atoms have a selective affinity for each 
other; under the proper conditions they will join readily with certain sub¬ 
stances, and be repelled by others. This is not an explanation, but a descri|^ 
tion of what occun. 

EltmetiXs. According to chemietd theory, all matter is divided into 92 
elements, or simple forms. These aire the primary substances with which 
everyday chemistry deals. Some of these elements are of common occur¬ 
rence, while others are rare. Many elements are familiar subsunces, e.g., 
iron, copper, oxygen, sulphur. Others are known to us only as names—we 
seldom hare occasion to use <« even to see such elements as sodium, potas¬ 
sium, barium, or cadmium, which are actually rilvery meuls. We recognice 
these elements through familiarity with their compounds. 
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A chemical compound u a eomlnnctian of two or more elements m 
definitef fi 2 ;ed proportions. 

Atomic Theory. An aton is on InfinitedmaUj small particle^ the smallest 
unit of a ful«caDce that can eater into a cheipical combiDation. Atoms of the 
same element are identical in aze and wti^t; atoms of various elemenis 
have thtir own respective definite sizes and wei^bUi each one has been 
measured and tagged with a number or atomic vreifht We have, for the 
present, no concern with what goes on vrithinthe atomj for our purposes, it is 
the unit of mener- A truly sdentific study would explain the dynamic struc¬ 
ture of the atom and its attractions and repulsions caused by inner electrical 
chargee; for practical purposes, however, the simpler graphic descriptions, 
such as the defininoa of valence on peg* 299, are entirely adequate to '^ve 
a basic understanding of the behaviour of materials in common use. 

MdecuUs. Atoms ot the same or of different elements combine to form 
molecules. A molecule is the smallest unit of an alement or compound whidi 
can erist by itself in iu recognized form. 

Variation in Maatr. Substances differ fmm one another in thrir pro¬ 
perties and behavioura according to the differences in the atoms of which 
their molecules are compceed; the atoms may differ in three ways—in kind, 
number, or arrangement. 

t. Kind. Iron oxide (iron and oxygen) and cadmium sulphide (udmiuxn 
and sulphur) differ because they conrist of atoms of entirely different sub¬ 
stances. 

They msy be compared to two houses, one made of red and yellow bricks, 
the other of black and whiu bricks. 

2. Number. Red iron osdde, two parts of iron and three parts of oxygen 
(Fe|0|), differ* from black iron eodda, which contains three parti of iron and 
four parti of oxygen These compounds may be compared to two 

houses of red and yellow bri^ one with two rad bricks to every three yellow 
bricks, the other with three red bricks to every four yellow bricks. 

5. Arrangement. Two wbetaoces that differ by reason of the arrange¬ 
ment of thrir atoms may be compared to two houses containing the same 
number of red and yellow bricks, but having them placed in a different ar¬ 
rangement or penem. Exaraplee of such compounds (they are called isomers 
or ^ymei* of each other) will be met with towanl the end of this section. 

The Behavioua of Some Common Chemicals 

Substances may be classified according to their uses end behaviour* into 
two broad groups—the activ* and the inert, those which readily onter into 
changes when subjected to certain conditions and those which remain unaf¬ 
fected. Although the artist is interested in employing materials which will be 
inert or permanent to all forces with wluch they are likely to come in con¬ 
tact, be also depends upon the activity of some of his materials to produce 
these eventually inert resuhs. Ezamplm some of these reactive substances 
are the lime in fresco painting linseed oil in oil painting, both of 
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which unite with atmospheric gases to produce doraUe surfaces. Examples of 
absolutely inert substaacas which will not react with the substances with 
which they ordinarily come in contact are the permanent pigments, which 
remain unaltered when exposed to sunlight, air, heat, and admixture with 
other pigments or with mediums. 

Acids end AlMeUss, These are two groups of actire chemical substances 
which are strongly opponte and may be conadered widely divergent poles of 
action. The ty^cal mineral acid, such as sulphuric or hydrochloric, has a sour 
tane, and is violently reactive when brought into contact with many sub¬ 
stances, with the result that it has a destructive, disintegratuig effect on their 
properties. 

An alkali or baae is to be conodered the direct opposite of an acidf when 
the two are mixed, they react and neutralite each other. Typncal alkaliee, like 
acids, behave with destructive violence on many substances, notably upon 
fats, oils, waxes, etc.^ their ection is called caustic, as distinguished from add. 
They have a bitter taste and a soapy feel. When they are brought into con¬ 
tact with red litmus (a vegetable colouring matter) the litmus turns blue. 
Adds will turn blue litmus red. Papers dyed with blue and red liunui are 
used to test the aridity or alkalinity of materials. Sodium hydroxide (caustic 
soda or lye) and strong ammonia water are examples of strong basee. 

Materials of arid or alkaline propertiee have a wide range of degree of 
activity; in some of them the ection is violent, in others so feeble that for a 
number of practical purpoeee they are adds or alk^lia in n ame only. Generally, 
however, in the materials used by artists for permanent painting, minute 
traces of ff^e adds or alkalies are suMdent to interfere with peocesaes or causa 
eventual disintegration, es in the caw of the substances which are used to 
manufocture or purify this and pigments and which are sometimes incom¬ 
pletely washed or removed from the ffnisbed product. Similarly, the success 
of some processes depends upon the very mild ection, or the action of very 
minute amounts, of reactive materials. 

fFeak and Strong Asoc&W Soiuttons. The foregedng remarks on the 
behaviour and propertiee of these substances do not constitute a ds/inition of 
the terms add and alkali. Chemkaily, an add is any substance which is cap¬ 
able of liberating hydrogen ions (an ion is an electrically unbalanced or 
charged atom), an alkali or base is one which yields hydroxyl (OH) ions, and 
a salt is one which yields any other ions. The 'strongest* or most reactive sub¬ 
stance, therefore, will be the one which in solution dissodates best, or liber¬ 
ates its ions most readily. This is a constitutive property of the substance, and 
not due to its degree of concentration. For instance, no matter how powerful 
or concentrated a solution of a mildly alkaline material such as sodium bi¬ 
carbonate may be, nor how well it will serve its purpose when used as a 
detergent or to destroy or remove other substances, it will never have the 
Mverriy caustic activity of even a comparatively dilute solution of sodixnn 
hydroxide. Acetic add, full strength (99%), is c^ed e weak add, because it 
becomes so slightly dissodated that its reactions are slow. Hydrochloric add, 
which in full strength or concentrated form is oufy a 57% solution in water, 
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has a powerful and violent action on metals^ even in dilute aolu^ns its dU- 
aodation is fracticell/ compete. Concentrated sulphuric acid, which is about 
a 98% solution, is a definitely Veaker* acid than hydrochloric. Adds are 
mentioned further in Part Two of this aecdon under 

j4lkatin$ SubonMSS. Caustic soda or Ije is the most active of a series of 
familiar sodium compounds which are alkaline in reaction. Nextcomes sodium 
carbonate, in crystalline form known as sal soda or washing soda, and in 
somewhat more concentrated form known as soda ash. Lye is highly caustic, 
and must he handled with care^ it will destroy or dissolve animal tissue, and 
when it is dissolved in water, a conriderable amount of heat is given off. 
Washing soda has similar soapy feel, hitter taste, and property of turning red 
litmus blue, but to t lesser extent It may be handled vrithouc the drastic 
effects of lye, hut it is suf5ciently powerful to be somewhat injurious to the 
skin, reddening and roughsmng it, as is well known; it will dissolve wool and 
react with , fats, etc. 

Next comes sodium hscarbonate or sodium acad carbonata (baking soda), 
which is mild enough to ba handled freely and to be taken internally; yet it 
has all the attributes and properties of an alkaUne substance. Borax (so^um 
tatraborats) also is a mildly alkaiine salt. 

Another salt with mildly alkaline properties is trisodium phosphate, 
which is in wide use as a cleaner and detergent, and which has the same 
property of being amenable to control as some of the volatile solvents re* 
ferred to in the secdoa on cleaning paintings. A weak solution may safely be 
used to clean painted woodwork and walls; a strong, hoc solution is e good 
paint removar. It should not, however, be used to clean artistic paintings or 
sculpture; it bm a destructive effect on such delicate surfaces despte its 
controllable acticn. 

Similarly, there are numerous materials of mild add reaction; boric add, 
90 weak that it ie emplc^ed ae an eyewash, is a familiar example. The fatty 
adds and other add and alkaline constituents of natural products with which 
we often have to deal, although perfectly capable of entering into chemical 
reactions e$ such under the proper conditions, are actually rathar feebly 
reactive materials. 

A salt is a chemical compound which, as we have seen, is neither an 
acid nor a base; it may, however, have dther an add or an alkaline reaction, 
or it mey ba neutral. A typiml salt may be produced by the action of an acid 
on a metal or another salt, by the action of one salt on another, or by the 
neutrahring reaction of an add and a hast. Some salts are inert; othen are 
very active. Common salt (sodium chloride) is a typical example of a soluble 
neutral salt; barium sulphate is an examfde of an ineoluble salt; there are 
many degrees of variation- Many of our pigments are insoluble salts which 
have been made by mixing two st^utions of sahs together, whereupon, by a 
chemical reaction known a< double decomposition, two new products are 
formed, one of which remains in solution in the water, the other falling out 
of solution as a finely divided powder or pedpiute. 

Some of the inert, neutral saks are the most stable of our materials; others 
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aw not reliably so? but in order for mopt of them to enter into reactions, the 
proper conditions must be present, When two nable, inert jagmenta con- 
laioing elements which are theoretically capable of reacting on one another, 
ere mixed, it is often the case that os account of the stable, inert charaaer of 
the pgments there is so danger of such actions tating place, because the 
conditions necessary to the reaction are absent. On the other hand, certain 
otherwise inert materials may be ertremely sensitive to such mutual action. 
No indiscriminate rule may therefore be xnade, but the characteristics of each 
jngment or other material must be learned. 

The carbonates and the sulphides of metals are all extremely sensitive to 
action by mineral adds} the oxides are inert substances more often than not. 
The salts of many metals and groups of metals have general properties in 
common, such as colour. Most cryrtalhne salts of nickel are greeny those of 
copper, blue} and those of cobalt are rose^oloured, changing to blue when 
they are made anhydrous. Chromium was named for its varied colours} all of 
the compounds of this metal are highly coloured, ^nc and aluminium com¬ 
pounds are white or coloisrless} very slight treces of iron impart a yellowish 
colour to a aolution or composition. These general remirlu on colour do not 
apply to compounds which contain more than one metallic element. 

Sodium and potassium are two vety amilar elements, whose compounds 
are closely allied. From the viewpoint of technical uses, a broad gsneral 
statement is that a potassium compound is more active and will give some¬ 
what better results then its analogous sodium compound, but the less ex¬ 
pansive and more available sodium compound is usually sdaquate for the 
purpose. There are occasional exceptions to this statement} sometimes one 
compound is entirely unsuited to e reection which c * ll » for the other, and 
sometimes the two will give distinctly dlflerent results. 

yalenee, Atoms of an element may be grephically imagined to have a 
certain number of arms or books by which they become ticked to other atoms 
to form compounds. The number of such hooks an element has, is called its 
valance} for example, it will be seen in the formulas in the following pages 
that oxygen has a valence of 2, hydrogen 1, carbon % and the benzene radical 
a valance of 6. (A radical is a molecular group of two or more elements which 
often hangs together and acts like a single element during a reaction} the 
hydroxyl (OH), carbonate (CO|), sulphate (SOJ, and azzimonium (NHJ 
radicals are familiar examples.) It should be clear that thaae arms, links, 
bonds, etc., ere theoretical descriptions of behaviour, not tangible items. 
Valence can be more scientifically defined as the number of hydrogen or 
chlorine atoms with which an atom of the element in question will combine, 
the valence of hydrogen and chlorine being 1. 

Some elements are polyvalent, that is, they have the a^ty to form per¬ 
fectly normal and saturated compounds in more than one propordon; for 
example, iron, as in the oxides previously mentioned, has a valence of 2 and 
3, depending upon the conditions under wluch the combination occurred. 

//omsnclnrurs. The names of the elements vrere derived from a number of 
sources. The elements which were known in very early times or whose pro- 
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mio^nt coo^pounds were ksown have n^irip* which come &om basic root^ of 
the Taiioue Janguegee; ihoee more recently isolatai were named (in Latin or 
Greek form) for thdr (aopertie*, thdr compounds or sources^ or in honour of 
their dlscorerer oriha land where thej were diecoTerod. 

Binary compounds (those which consist of two elscnenu) customarily 
take the name of the more defiaitaly metallic or elecmcally posluve element, 
followed by the name of the more negative element with the ending ida. 
Sodium sulphide is a compound of sodium and sulphur^ ozide» of zinc 
and oxygen. Some elements may function in both ways. For example, 
chromium occurs in the usxul oxides and salts (chromium oxide, etc.){ it also 
exists in a series of add compounds—chromic add and its salts, which are 
called chromates. 

A substance that can be identified as the salt of a normal add is named after 
the metallic constituem followed by tba add name ending in n/e. Sodium 
sulphate (NifSOt), fv example, is the sodium salt of sulphuric add 
it can be made by the reaction of sulphuric add and a sodixuu compound. 
Sometimes the significant elaments of two adds are idendcal in kind but 
differenc in number. The salt corresponding to tlie acid with fewer atoms to 
the molecule takes the ending tcs{ sodium sulphite (Na,SOs), for example, is 
the sodium salt of sulphurous add (HySO|). The endings ie and ous are em* 
pbyed to designate numerical variations in an add or oxide{ the moleculas of 
the ou compounds have fewer atoms or e smaller proportion of oxygen than 
do those of the ic compounds. 

Generally the adds, and most of the salts, which end ia obs are the more 
unstable, and those which do not contain their maximun complement of 
atoms are called uasaturated. Some of them will taka up additional atoms 
with avidity^ others will freely disinugrete cr give up thdr atoms. This is 
not to say that the ous compounds are always unstable or unreliable as re> 
girds permanence; for initanca, the ferrous (iron) oxides are as thoroughly 
inert and permanent |sgmenu as we a>ey desire, and would require the most 
drastically severe chemical condidoni or eztremaly high temperatures to be 
altered. 

Funher designations are pven to compounds for other reasons, which are 
often self-evident. The prefix Ayp®*» ap^ed to the numerically highest ia a 
series of compounds; the prefix hypo indicatas the lowest. The prefix per, as 
in peroxide, perehJoride, etc., denotes the higher of two compounds—usually 
the higher in valence as distinguished from the first, bwest, or mono form. 
The prefix proto is obsolete; it referred to tins lower form. Thio means 
lulphur-beari og. 

Other jxefi^ referring to numerical variations are df (or fts*), tri, farm, 
ses<fui\ etc. Mgia, ortho, andpcra refer to variations in arrangement- 

Oxidarim. The chemical compilation of a substance with oxygen to form 
an oxide, is the commoaen reaction in nature. When a substance bums it 
oxidiias; combufftion is defined as repd oxidation vrilh the accompaniment of 
heat and flame. An example of alow oxidation is the rusting of iron. Iron 
oxide for use as a pigment, however, is made by the calcination (roosting) of 
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an iron salt, where hj close control of the process a number of shades and hues 
can be produced. 

Some oxides maj be reconTerted to the origmal metal or from the ic to 
the oris form by reduction, which may be considered a rererse process. In 
chemistry, the terms oxidation and reduction are sometimes ap;^ed to re¬ 
actions not iELToli^ where a substance is changed from a numeri¬ 

cally higher atomic form to a lower, or vice vena. 

Polymonzatton. PolymerizatioD occurs occasionally in artists' materials 
and processes} it is a reaction where nothing enters into or leaves a compound 
hut where the change is internal the atoms become rearranged, con¬ 
densed, or joined in a different pattern, altering the properties of the sub¬ 
stance as deffuitely as they are altered in any ocher chemical reaction. The 
term is rather loosely used in this book and in most other technical accounts, 
to describe changes which may be com^x reactions iavolving other con¬ 
siderations at the same time. 

Catalyns. A catalyst is a substaoca which asnsts in the production or 
acceleration of a chemical reaction without itself entering into the reaction. 

Hydration. Some compounds, especially oxides) exist in a form where the 
hydroxyl radical (OH) is combined with tbam; they are not pure or simple 
hydroxides, but 'hydrated oxides'. Such materials can be reduced to the pure 
oxide form by subjecting them to bean This procees involves a chemical 
change and is not to be considered a mere diiviog off of water} the temperature 
required is usually quite high. 

Watir of Crystallization. Many salts occur in more than one structural 
form in combination with water. Thus the transparent blue crysuls of 
copper sulphate, although perfectly dry to the touch, contain t molecules of 
water to each molecule of the sidt, and the chemical formula is written 
Cu50|.7H|0. If the crystals are heated, the water is driven off, and anhydrous 
CuSOi (a white powder) is the result. 

Hydrolysis. This is a chemkal reaction caused by the action of water; it 
results in the decomposition a salt to produce a new substance. 

Solubility. Solid substances are soluble or insoluble in water and other 
liquids to varying degrees; tables are published in chemical handbooks, 
listing the solubilities of all chemical compounds. With few exceptions, heat 
increases and cold diminishes the s^vent power of a liquid. A solution which 
contains as much of the solid material es it will hold at normal room tem¬ 
perature, so that fiuther addition would not go into solution but would re¬ 
main in the liquid as undiseolved matter, is called a saturated solution. When 
a liquid is heated so that it will dissolve more than this normal amount of 
solid, and is then cooled to room temperature, the additional amount of solid 
will fall out or crystallize, and the resulting liquid will be a saturated solution. 

Absorption and Discharge of Moiaure. Some crystalline substances have 
the property of losing their water of crystallizatioD when exposed to dry air; 
sal soda is an example. This p ro p e rty is called efloresoence. Others, notably 
calaum chloride, alcohol, p u d lye, will absorb moistitre from the air. Such 
materials are called hygroscopic^ and if the affinity for water is so great that 
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tlift subcunce becomes spontaneously disMtlved or wot, the property is termed 
d^iqu^ence. The seme terms are used to denote the same properties in non- 
CTynaliine materials. 

Allotrcpie Formi, When an element easts in more than one form, as 
regards superficial phTsical or stroctural properties, these variations are 
called allotrope*. The various forms cd carbon, e.g., lampblack, diamond, 
graphite, etc., are familiar examples. 

Symbdi. In the early days of chemistry the cabalistic symbols of the ol- 
chemists which were employed ceremonially (as much to mystify the layman 
as for any other reason) survived for a while, as a sort of shor^and or con- 
venient method of refresentation. With the sdentific development of 
chemistry, a universal system of shorthand designations for the various 
elements and their reactions came into use. 

An atom is represented by the initia] letter of the element. Where more 
than one element has the same initiel, another si^ificant letter is added in 
lower case; thus, C is carbon, Q is chlorine, Cd is cadmium. 

Chvnical Formula* and Equation*. A chaimcal formula expresses in con* 
dae form the number, proportioa, kind, end erranfOmeat of atoms in one 
molecule of a substance. A chemi^ equaiMD expresses the reaction which 
takes place between two « more substanoes and ^e resulting redistribution 
of the atoms in mathematical balance, according; to atomic theory and ocher 
laws. An example of a chemical aquatton, that involved in etching, is: 

5Cu + 8HNO, -► JCuCNO,), + 2N0 + 4H,0 

5 part* of 8 pan* of 3 parts of 2 parti of . 4 parti of 

copper nithcacid copper nitrate * nhric oxide* water 

The coeSidents, or la^ numbers preceding the symbols, refer to the 
number of molecules or pern by weight of each subeunca which will com- 
pleta the rsectioa according to ^e law of dafinite proportions i they are like 
the figures in a redpe. The small sub-ntimbera refer to the number of atoms 
of the element which combine to form a molecule of the particular sub¬ 
stance} thasa are fixed and invahtble for each substance. The group of 
symbols cndcsed in brackets is the nitrate radical previously mentioned. Its 
valence is 1} the valence of copper is 2} therefore, two of these nitrate groups 
are comWned with one atom of copper, and the brackets in this particular 
case indicsts that the subscript 2—the small figure below the line of the 
letter*—qualifies the entire group. 

If the number* of atoms of each element, as indicated by both the coefli- 
oents and the subecripts, are added, they will be seen to check, or balance, on 
each ode of the equation. For instance, there are 24 atoms of oxygen indi- 
cat^ for the nitric add, and the total on the right-hand ode of the equation 
« also 2 ^ 18 m the copper nitrate, 2 in the nitric oxide, and 4 in the water. 
Matter is indestructible and all the ingredants which enter into the reaction 
must be accounted for. 

In ihe ac^l etc^ irocess, conoderable water is also present, but al¬ 
though It m^es posoble the particular reaction, it does not enter into it, and 
so IS Ignored jn the equation. The copper nitrate dissolves in the water as 
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eoon as ii i5 formed, the NO pasws off as ■ brown gas, and the copper is ap- 
paxenUy eaten awaj-. The colour of copper nitrate is green; if we saved the 
greenish solution instead of pouring it out, and boiled off the superfluous 
water, we could obudn crystals of copper nitrate, which in turn could be re¬ 
duced to pure metallic copper. Without the water, a somewhat different 
reaction would occur. 

As a matter of fact, the above reaction is a rather complex one. The left- 
hand group shows the beginning, the right-hand group shows the result, but 
the reaction actually occurs in two stages, and shoxild be rcpreeented by two 
formulas, were we interested in following up its theoretical aspect rather than 
iu practical application. 


Organic Chemistry 

Compounds of the element carbon are so numerous and arranged into 
groups and series of such complexity of stnicture and behaviour that their 
study is treated as a branch of cbamisuy separate from the study of the in¬ 
organic compounds that have been discussed heretofore in this section. There 
is no precisa line of demarcation between organic inorganic chemistry; 
the simpler compounds of carbon, as well as those in which carbon is not a 
significant constituent, are generally studied and considered in connection 
with inorganic chemistry. 

Origiiutliy the term organic was applied to all subsuncei of animal and 
vegetable growth, end the term inorganic to those of mineral origin; and 
although many organic compounds have long since been manufactured 
synthetically, the original distinction stUI influences our understanding of 
the subject, and it is a good enough rnugh idea of the matter, especially for 
purposes of technical applicadoo. 

One’s general impresrion of such disdncdons is influenced largely by 
typocal or ma^ty examples. One becomes ecoMomed to identifying orgenic 
products of vegetable or animal origin with the characteristic attributes of 
such matter as compered with the dead or inanimate nature of inorganic 
materials. We infer that organic producu have a definitely limited life span, 
are more flexible, yielding, or malleable than inorganic materials, and more 
subject to decay on ageing and exposure to adverse conditions. Such a view¬ 
point is generally correct; but on the other hand, the number of inorganic sul^ 
stances of mineral origin which can be used in the arts is also Whan 

one thinks of mineral substances, the first picture in one's mind is usually 
that of rocks and other durable, inert materials; as a matter of fact, large 
categories of inorganic substances, oatis^ sind artificial, are among the most 
unstable and violenily reactive materials that exist. The organic products in 
approved use in the arts, while not In a class vrith granite or cast iron, are 
nevertheless adequately durable for the purposes for which they are intended 
end the conditions under which they are expected to survive. 

Such natural organic products as are used virtually in their native states, 
as resins, gums, oils, etc., are not tingle, definite compounds, but 
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loidal re«i]m Uee wixnewhere between the smallest particles Tisible through 
an ordinary microscope and the largest molecules; the largest molecule is 
supposed to measure much lees than 1 mUlimicron. A colloidal solution may 
alM be considered as halfway between a true solution and an ordinarily 
coarse or filterable suspenaios. 

The tremendous extent of iacreaso in surface produced by such minute 
subdiriflon is sot always realized, but this magniHcatioa of surface area and 
the consequent predominance of surface phenomena is considered the chief 
element goTemieg hehtTiour. If a cube measuring ^ inch were sub¬ 

divided into parddes of the miTimMm oqlloiHal dze, the surface area would 
be multiplied by the million and would total somewhere in the neighbour- 
hood of an aaa. 

A familiar example of the changes in properties caused by increase of 
surface is the well-known spontaneous combustion of rags, cotton waete, etc., 
when such materials are soaked in diyutg oils. Normally the oxidation or 
drying of linseed oil by the absorption of oi^gen from the ur is a mild and 
alow reaction, and no chesge in temperature can be observed; but when the 
oil is spread over such a Snely divided substance, and is exposed to the atmo¬ 
sphere over such e widely extended surface, the heat developed by the reac¬ 
tion is so greatly magnified that it may be sufRcieet to ignite the meterials. 

Reluming to our example of a colloidal solution of glue or gelatin, we 
find that tha heavy, viscous, liquid form of this two-phase system may be 
transformed to anc^er coUoidal form, that of a jelly, by allowing it to cool 
The transformetion in this particular case is reversible; that is, the gel may 
be transformed back to the liquid or sol form by warming ic. 

It hu been found thet with certain two-phase systems of dispervions, not 
necessarily entirely of colloid dimensions—for example, in certain paints 
which are dispersions of relatively coarse pgments in oil—timilar changes In 
eonsistaney may be produced by merely shaking, stirring, or otherwise dis¬ 
turbing the equilibrium by mechanical means. This phenomenon has been 
called thixotropy, or change by touching. The theory has of recent years been 
applied to paints and explains certain hitherto unaccountable actions. For 
example, when certain mixtures of ultramarine and ml, ground to produce a 
itiH paste, are re-ground, stirred, or agitated, they become liqxiid or stringy; 
on being allowed to rest, they go beck Co the paste or buttery form. Cerloin 
heavy viscous paints which have thixotropic properties will, upon being 
brushed out, become fluid, caunng the to brush easily and level out 
free from brushmarks. 

Colloidal phenomena also contribute to the drying of a linseed oil film, to 
the action of lithograpliy, the behaviour of pagments in mediums in general, 
and the making and use of emulsons. 

Molecular Co/tesion or Adsorption. The familiar word absorption which 
refers to the Imbibing of a liquid by certain spongy or loose-textured sohds 
through porous action, is not the same as the term adsorption, which is used 
to indicate the adheson <4 a Bqaid, gas, or sedid to the surface of another 
solid by molecular attraction. 
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Adaorption m«y be pictured as a wrt of freezing or fining on of a sub¬ 
stance ^ an adsorbed layer of a matenal is usuallr held so strongly that it 
cannot be washed away with liquids that would oi^aiily dissolve it. Gases, 
liquids, and solids are adsorbed equally. In the past, the term has been xised 
mostly to describe tlie adsorption of gases. According to present theories, only 
matter whose molecules arrange themselves in a cartaiQ pattern will form 
adsorbed layers. The molecxiles of such matter have th^ axes parallel, all 
pointing in the same direction, and are described as being oriented or po¬ 
larized. As previously noted, the internal structure of moleculos, which we 
have disregarded in this account, has much to do with thrir actions. Ad¬ 
sorption in itself is not a chemical action but its occurrence is usually depen¬ 
dent upon some chemical reaction. 

EmMons. Eznuloons are described in outline in the section on tempera 
painting. In order to produce an emulrion by water, which 

ordinarily are imntisdble, a third substance—namely, an emulsifier or 
stabilizer—must be present. Some of the raw materials, which are employed 
for the desirable properties they impart to the finished emulrion, are in them¬ 
selves very good stabiUzers^ other combinatioos of oily and aqueous solutions 
will not readily enter into suble emulsions without the presence of an addi¬ 
tional stabilizer. The words ml and oily in this connection are meant to in¬ 
clude waxes, fats, and reuns. 

An emulsion is a colloid or iwo'phase system, but all liquid colloidal solu¬ 
tions sre not emuloons. Pgg-yolk is an emulsion, the tiny globules of egg oil 
being dispersed in the wstery ingredient. Egg-whica is not an emulsion, 
since it contsins no such dispersed oil dropleUi it is simply s colloidal solution 
of albumen in water. A casein solution by itself ii not an emulsion. But both 
of these colloidal solutions will readily form osl-in-water emulsions when 
shaken up with a vegetable oiL 

A second type of eraulaon atao essta, the water-in-^ type, an example 
of which is butter, where the water is dispersed in tiny globules throughout 
the buttsr-fat, which ecu as the dispersing medium. Such emulsions are 
evidently formed when the stalnlizar is in colloidal solution in the oily 
rather than in the aqueous liquid. This seems to be the case when resins, 
water-insoluble or metallic soaps, or finely divided pigments in suspen¬ 
sion, act as the stabilizer, rather than when water-soluble stabilizers are 
present. 

When emulsions contain a heteregeaeous collection of ingredients which 
contain both the hydrophile (water^affini^) end lipophile Coil-affioicy) types 
of stabilizers, systems recognized as dual or multiple emulsions are likely to 
be set up^ in these, the little ^bnles of the dispersed liquid aa as a continu¬ 
ous phase for still tinier droplets of the dispersing liquid within them. As 
many as five such systems within each other have been detected in micro¬ 
scopic examinations of such emulsions. 

The dispersed drops of in an oil-in-water emulsion are understood to 
be surrounded by adsorbed films of emulsifier, but these do not protect them 
from breaking up under certain conditions, fiy the addition of enough emulsi- 
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fier of tho op|i09to ftn otberwise stable aud bslaiiced oil'ia-vsater 
emulsion may be transformed or inTerted to a water-innjil emulaon, the 
dispersed drops expanding into a comznQOus medium and the disperang 
medium congacring into ^bule$. 

The amount or proportion of oil has little to do with this difference. Some 
oil-in'Water emul^m contain eery little oO, with the gbbules spread through 
the mass in a sparse manner; others can contain more oil than water, and 
still be of the 0/W type, the gbbules someomes being close-packed or 
jammed together ia such a way as to distend or compreaa their shapes with¬ 
out its disturbing tbair adsorbed layers or skins. The same is also true of the 
W/0 type. The subject is discusBed further in connection with tempera 
emulsions In the second part of this section (page 518). 

The study of emulsioni and their applied techntdogy comes somewhere 
near the head of ihe list of those branches of cheoaistry which are in an in¬ 
complete state of standardization or astabUshment, and a knowledge of physi¬ 
cal chemistry and Us mathemadca would be required to attain much more 
knowledge of the subject than the inkling h^ presented. Most of the 
definitely accepted theories are of comparatively recant establishment. 


Part Two: Praciic&l Applications 

The fim thin g to be borne in mind 1$ that many of the anift’s raw 
materials-^Us, resicu, gums, glue, casein, eggs, etc.—are nscural products. 
This means that they are highly rariable mixtures and ooncoctiom of a 
number of things and so ctnnoc be expected to exhibit exactly standard or 
uoiform behaviour in chemical reactions at do the simple, pure substances 
discussed in the first part of this section. Second, with few exceptions, the 
chemistry of these products is not at all well established and in many cases 
even where materials and piocaaies bava been standardized and put under 
chemical control, we have, after decades of scientific study, little conclusive 
evidence regarding their underlying prindplet, pardculerly es they are 
applied to artistic painting. 

A good deal of the best work on the chamiitry of natural raw materials 
which are used for painting baa been done either in industrial laboratories or 
by zneo who have appro^bed the problems from the viewpoint of industry. 
This has directed research into channels not directly in line vrith the applica¬ 
tion of results to artistic psintiiig, because the commercial or indxutrial value 
of these products as artists’ materials is insignificant as compared with their 
commercial value in other uses. 

There has long been an obvknis need for a systematic standardization of 
artisu’ materials on a ratioael basis, along the lines of such rigid specifica¬ 
tions as govern the selection of materials used by the Britisli and various 
United Ststse Gorernraent departments, the railroads, and the great in¬ 
dustrial corporado&s. In these instMne^ the standards are based on correct 
practice as established by experience and by researdi carried out for the pur¬ 
pose. In the past, the few attempts to establish such standards for artists’ 
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materials have not proceeded very Ur * organizauon of such an undertaking 
xaquires the proper son of leadership. The standards should be set up by 
practical experienced artists and technicians rather than by theorists in each 
fieldj they should be independent of the bias of the man\tfacturers of 
materials, but at tlie same time there must he an element of justice to reput¬ 
able manufacturers and due considerarion of availability of supplies and the 
problems of distribution. 

Just at present a more in this direction is being made in America under 
the auspices of the United Stales Department of Commerce, and standards of 
quality for arusts’ oil colours are being set up. Details of this work in its 
present state are reprinted on page 444. 

Df.yin(J Oils 

An oil, according to the broad and simple definition of general chemistry, 
is a glyceride of a fatty acid, a fatty add being an organic add which belongs 
chemically to a certain family or series of adds of similar constitution and 
reaction, the most important members of which occur in fats and oils of 
animal and vegetable origin. A glyceride is an ester or salt containing 
glycerin. This definition excludes such oily liquids as the petroleum or 
mineral oils and the essential oils, which are of different composition} these 
are called oils because of their external or superfidal characteristics. It in- 
dudes the fatS} the vegetable dls are actually liquid fats. Vegetable and 
atdmal waxes are also included. 

When we come to study the composition of the vegetable oils, however, 
we find that they consist of rather complex mixtures of a good many variants 
of these adds and esters with other materials, in varying proportions. The 
glycerides themselves are not simple esters, but triglycerides, that is, com¬ 
binations of one molecule of glycerin wth three of the fat^ add radicals, the 
latter occurring in every possible complexity of combination: they may all be 
the same add, they may be two or three different adds, and the two latter 
combinations may appear in perhaps forty different ^pes of arrangemem. 
The glycerides in drying oils will combine readily with oxygen, as indicated 
by the fact that in their structural formulas their molecules are poured as 
unsatunted; that is, their structure or arrangement includes double bonds 
or links which are able to combine with various numbers of oxygen atoms, 
depending upon the type of glyceride. 

The drying properties of most oils are due to the presence of glycerides of 
linoleic and lino le nic adds, which have the property of ccpmbining spontane¬ 
ously with atmospheric oxygen to start a chain of reactions which end in the 
conversion of the oil to the tough, durable, insoluble film known as linoxyn. 
The action of moisture on certain of the glycerides of linolenic acid, particu¬ 
larly in the absence of delight, is also one of the chief causes of the yellowing 

* The British Standards Institution, by its coiutitution, is able to undertake the 
preparation of Staodarda only when requested by an authoritative body, tidier of 
manufaccurers or eonsumert. 
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of oil films. Lmsoed has t Urger perceiuage of Imolonic acid and its gly¬ 
cerides than any other diying except perilla oil, which is a better drier, 
forms a harder, tougher fQm, and yellows much more than linseed oil. Corn- 
pared with linseed dl, poppy oQ cooiaios a smaller total amount of these 
glycerides, and little or no hnolenic add, and this minimizes one of the causes 
of yellowing of its films. 

Howerer, because the preeeDce of these consdtuants in soScient amounts 
is necessary for an oil to dry in the proper manner to a tough, durable, non- 
ehrinJdng, non-spongy film, the inferiority of poppy dl to linseed in this 
respect must be attributed to thdr absence. Other impurities in linseed oil, 
such as chlorophyll, the Tegetable colouring matter which occurs in grass and 
foliage and becomes red, ydlow, and brom as it fades, are a contributory 
cause of the yellowing ^ the oil film. They are not a principal cause, once 
they are almost entirely removed or destroyed during the process by which 
the col is refined. 

Several much-quoted letters written by Rubeni** recommend exposure 
to sunlight for certain cdl paintings which had in each case been boxed soon 
after being punted, and stored for some time. For centuries artists have 
knovm that freshly-painted oik should be exposed to deyligbt under normal 
conditions, that continual or severe exposure to bright, direa sunlight is not 
benefidal, and thit the daritening of ^ paintings from continued absence of 
light during the drying proces s is a revtnible reaction which can be cor¬ 
rected by further exposure to daylight. 

These facts have been substintiated in the twentieth century by a large 
amoiut of research by Eibner^ and othan, and considerabla data on various 
reactions of the drying die are on record. 

The presence of normal or diJfused daylight U nec*»ary for the correa 
dryingof an oil Him, but any prolonged exposure to the direct rays of the sun 
is harmful, leading to cracking by reason of too rapid or violant drying action. 
A normal range of temperature and humidity, eu^ as lias within the bounds 
of what are cooridered to be average, comfortable indoor conditions, is bast. 
Excessive beat will accelerate and cold will retard the drying ^ocesi; both are 
detrimental to the durability of the paint After the painting has become 
completely dry, it will endure a slightly wider range of temperature and 
humidity, and should be altogether unafTected by the absence of daylight. 
Cracking may be caused by extreme and rapid Iom or gain of weight in the 
oil filmi the drying curves (seo below) oS liiiseed and poppy oils which have 
been subjected to abnormal conditions of temperature, sunlight, and humi¬ 
dity, will usually end in an abwmal loss of wrightj the curves of poppy oil 
are always more exaggerated. An abnormally d^ atmosphere will tend to 
cause more rapid drying and to show a curve which has abnormal character- 
istaaj it is almost certain that this condition is detrimental to the life of the 
film, Even after oil painrin^ have become thoroughJv dry, it is rather com¬ 
mon knowledge that they should be kept in well^onditioned rooms, and that 
the dry air of soma steam-heated rooms is injurious to tliem to almost as 
great an extent as is storage in a damp, unheated place. 
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Studies of she Drytjt^ ofOQs. Tho diying; curre u a maaiu of graphically 
recording the changea which take place in the diying of an oil film; the 
rartical range indicates the percentage of gain or leas in weight, the 
hontontal distance indicates the number of days of drying. It must be noted 
that in order to make a clear comparisop an extremely go<^ curre for linseed 
oil was chosen, and a rather poor curre for poppy oil, but the characteristic 
difference always exists in some degree. Eibner has recorded accurate details 
of such comparisons; the results of much sinular work on linseed oil from an 
industrial rather than an artistic painting viewpoint, are also arailable in the 
scientific and technical )oumals. 

The optimum behariotir for a drying col is evidently for the curve to 
reach its height in the shortest posdble time and for the deo^ease thereafter 
to be as small as possibla. As indicated in the curves, the ultimate change in 
the linseed oil under normal conditions is small enough so that danger of 



failure from shrinkage is at e minimum; the amount of change in the poppy 
oil is dangerously near if not beyond the bounds of safe practice. As noted 
under Painxing in Oil, however, the menner in which the paint is lised is 
probably the greatest factor in its success or failiue in these respects. As shown 
by Eibner,the drying curve of linseed oil is altered in a very harmful way 
by an abnormally damp atmosphere, and it is likely that a film dried in an 
abnormally dry atmosphere is likewise weakened, althoitgb not to such a 
great extent. Moist air retards afid dry air accelerates the speed of drying. 
Drying in savng direct sunlight has an injurious effect on linseed oil and a 
worse effect on poppy <nl. The action of various pigments with the oil, and 
else their mechanical effect on the structural strength of the film, are further 
factors in the success or failure of paints. This mechanical or structural effect 
may be roughly compared to the effect of sand in plaster, as explained on page 
257. 

The loss of weight in a drying oal appears to reach its limit after two 
and one-half mont^ with the average good oil, and, theoretically, Tarnishing 
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can safely l>e done after this pdnl. Howerer, ihie statement is based on 
laboratory twts where thin films of the pure cH witltout pigment are applied 
to rias*, and conditions ia an actual painting will vary so greatly from these 
as w make the reauits of such taets of little value as direct guides to practice. 
In general, I should aay that it is beuer to vamisli a painting a little too soon 
thM to postpone the process indefinitely with the not uncommon result that 
the pciure remains unvamisbed and exposed to surface dangers for longer 
than was Intended. 

YelioMng of Oils. In all discusrioc of the yellowing of oil it must be 
undemood, as Eibcer and oth#T» have pwnied out, that tlje matter concerns 
only clear cal Pl mt and the use of ^ in techniques otJier tlian normal oil 
painting. In praoical usage, correctly executed normal <n\ paintings do not 
turn yellow. The surface or ptoiecdve coetingi, dirt, and otlwr removable or 
remediable condibons may cause browning or yellowing, but when the vrell- 
painted surviving exampl^ of old cal paintings are cleaned of suclt extronecais 
maner, they are seldom if ever found to have suficred from yallovring of 
Hnieed, poppy, or walnut cU. It is ody whan the rules for mrrpct procedure 
are disragaxded, whan inferior tth, poorly<ompounded oil colours, or faulty 
methods of app^oon are employed, that failures occur from tliia cause. The 
pigment in a well*formu]ated oil paint will mask any such slight changes^ tlie 
proper dUpanion of the pigment will prevent sotcling in tlis film or the 
formation of a layer oi deer cal on topi holding the oil content to a mini¬ 

mum and urag tha best kind of drying oil for the |)urpose will furtliar safe¬ 
guard the paint leyar from yellowing or crecking. 

tithofr^Me yamufies. Dihographic varmshes, from wliich many types 
of inks for other feinting purposes are also made, ere heat-bodied linseed oils, 
very much like stand oils. A mixture of commercial litho vernUlies of various 
degrees of visconty will pve reaulu entirely different from thcae of a angle, 
straight varnish i the required coniisteiKy, because many of the physical 
preperbea of an oal such aa adhasion, levelling, cackineai, and wetting power, 
are appredably changed and altered the more the ^ ta cooked and bodied. The 
xnixturea will therefore consist of what we may consider different aubatances, 
or dll of different propertias, rather than of merely heavy and light variants 
oi the same dl. The thickening of drying cals is due to an increase or decrease 
in some sort of cdloidal condition aa well as to molecular rearrangement and 
oxidation. Recipes cell for mixing various proportions of several Utho var¬ 
nishes, not because a angle vamidi of the required vitcoaty cannot easily be 
made, but because eucb mixrurte will give different results. 

The difference between a stand oil and a litho varnish is not very gieat, 
but stand oils especially prepared for paints will give bettor and more certain 
resxilts, and Htho nmisbes should not be substituted for them. Litho var- 
nishes ere often set on fire for a while, aa part of their process of manufacture i 
th e se burnt dls can be diaringim>i»< from stand oil by their odour. 

Add Numho". Oils and resiiw are, as previously defined, variable mix¬ 
tures of highly complex organic chemical compounds, among which are acids 
or compounds of an add nature which ere capable of reacting chemically with 
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alkalies under ihe proper conditions, altliough thej are not strongly reactive 
su^ncw as compared with the famiJiar minend adds. For purposes of 
clasafkation and comparison, and as an index of technological behaviours, an 
established, standard laboratory method of measuring the total amount of 
su^ reactive compounds U usedj the result is express^l in figures termed the 
aod number. Refined linseed oils of low add number usually run about 1 to 
5, paint>grinding <nls from 5 to 10. 

lo^e Value. The term iodine value, which is often encountered in de¬ 
scriptions of m2s, faw, and waxes, refers to the result of a standaid laboratory 
test. The unsaturated fat^ adds of these materials will absorb mdinei the 
iodine number is the percentage of iodine abwrbedt hence it ognifias the 
proportion of these fatty adds, and its magnitude is an indication of the purity 
and film-forming or drying quality of the mJ. 

Periila oU is the only one of these materials which has a higher iodine 
number than linseed, some samples of it running over 200. Cold-pressed rsw 
linseed oil has an iodine value of 177-189. Lewkowit4ch»« places wslnui oil 
far down on the list, with an iodine value of 1+5, and poppy ml stiU lower, at 


Oil Ikdu of Pioment^ 


The following tables give detsiils by which the list on 
pages 116-7 was computed 






Oil 




IVei^hi 

irual 

(pMMtd/ 

pertoUA 

galien) 

100 

*petuU matAod 


Origin 

Pound* 

menSuaU 

Mb 

(£eUon*) 

Pound* 

pound* 

QeUen* 

petMd* 
of pig- 

Gaiion* 

ofoii^ 

gallon* 
of pig- 





mote 

men* 

m*nt 

Aluminium Stearate 
AJuminium Powder 

American 

8 

12-5 

98 

3-6 

99 

(pure aluminium, 
Seated) 


91 

4-8 

18 

97 

a 

Emerald Green 
Yanetian Red 

i " 

ft 

96 

5-6 

15 

17 

47 

iron oxide) 

^Yhite Lead (basic 
carbonate, l^tch 

** 

29 

S<5 

15 

1'9 

54 

procen) 

Spanish Red Oxide 

ft 

57 

1-6 

8 

10 

58 

(native, 85% iron 
oxidel 

Spain 

S7 

27 

15 

17 

63 

Chromium Oxide 






Green 


45 

9-5 

12 

1«5 

64 

*CobaIt Green 

Germany 

44 

2-1 

12 

1«5 

65 

Cobalt Violet 

Amoicea 

51 

3*2 

16 

9-1 

65 

■Cobalt Violet 

Germany 

29 

3-5 

18 

2<3 

68 


* Based on previoiuly uapohtished figures. 
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Oil hfDSX or Pigments ( Continued ) 






OU absorption, by 



*/w- 

moia 
(fiotauU 
ptr aolid 

100 

Pounds 

ynatttoiU 

(goilons) 




PigTtunt 

Origin 

PotPuU 

pounds 

<fpig' 

GaiioHs 

pounds 
of pig- 

GaUens 

ofoi^ 

gaUe/ts 
of pig- 





mofU 

m<7U 

mint 

Zinc Oxide (French 







nroCMt. #rt«D Mli 

American 

47 

21 

12 

14 

71 

4i;w Yeliow 

Frenrh Orhre (ne- 

>« 

28 

3*6 

20 

24 

72 

tire, 2S% ijoa 
osdd*^ 

Franca 

94 

4*2 

95 

54 

76 

Cudrolum-btrium 







YeUnw, LUbt 

fCd5 4B450.> 

Acnerican 

55 

2>9 

17 

94 

76 

Ced9ilujn*berfttm 







Y«Uo«. GaU«B 







(Cd$4B«50,) 
Ctuinium*bAjiiam 
K«d (Cd$4>Cd$« 

C*drnium*Mrhm 


S5 

2'9 

17 

94 

76 

II 

56 

24 

17 

99 

79 

Marann (Cd5<b 
CdSt^BnSO.) 


36 

24 

17 

29 

79 

•Ittvim Yellow 
Indian Rad (98% 

Uermany 

55 

14 

12 

14 

69 

Iron oxide) 

Amorican 

45 

■Sa 

15 

1<9 

65 

UliruMrioa Blua 
Titanium Dlozida 


19 


55 

44 

65 

(low ihaorptlen) 
PruMlan Bine (C.P. 

II 

55 

54 

20 

24 1 

87 

N&lorlhlna) 
Gadaio fvwhavhtm 

»» 

15 

67 

50 

HI 

96 

(Ci$* 


55 

24 

22 

94 

97 

Aliunn Kid 
iTOry BUek (19% 

1 

14 

■1 

55 

■1 

100 

earboo) 

Raw TuruT Umber 


22 

D 

55 

Di 

101 

(aatlTe^ 46% iron 
ordda) 

Cypw 

26 

54 

$0 

59 

105 

*Cervl«4D Blue 

Raw Simma ^native 

Oennanj 

40 

24 

22 

94 

119 

7S%{reft oidda) 
Yellow Iren Oxm 

ItaJj 

26 

34 

55 

■a 

116 

(95% Pa A) 

Black Iron Oxide 

American 

52 

5-1 

29 

57 

119 

(96 % oxidea) 

Bunt Senna ^oadva 

II 

40 

24 

25 

59 

198 

//%lJOaonde) 
Burnt TWkrr Um* 

Italf 

29 

54 

55 

H 

129 

^ (nat3T« 55% 
iiOD oxide) 

Cyprua 

SO 

54 

55 

m 

156 


* OD prerioittly unpubluhed figure, 
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Oil Index of Pigments (Ccnnnued) 


Pifmtnt 


*Aureoiin 
Cob«lt Blue 
Lempbledc 
eerhon) 


(99% 


Cerbon BItck (99% 
cvboo) 

Viritiun 
*Cob4lt Blua 




EngUfu ^ 

American 


M 

u<rmftj)y 


fFeigfa 

meni 
{p^wtdd 
ptr toUd 
gditm) 


45 

S9 

15 


15 

50 

50 


100 

Pototdi 

ment unii 
hOi 

(foUffiu) 


9*5 

5-1 

67 


67 

S-5 

5-S 


Oil abtorptiMt, by 
sptuulA n^lkod 


Poundt 

o/oi^er 

pounds 

o/pif- 

msnl 


51 

43 

65- 

100 

85- 

ISO 

60 

69 


Gallons 

poufuU 

o/pig- 

mtrU 


4- 0 

5- 6 

Il¬ 

ls 

U- 

19 

77 

8-9 


Gallons 

gali«'\s 
of pig- 
msHi 


174 

160 

164- 

194 

164- 

264 

235 

270 


* B«««6 on j»r«Tiously unpubliihed firum. 

The counUiM nemed undar ‘ori^' in tb« •bOTa lUt rafar to the wurea of tha 
Mmpla* uied; axcaptin^ 5]>4nUh rad, ananicaJ cobalt rlolat, French ochre, tba Tur- 
wv umban, iba rlannu and carbon black thaaa pl^mente are eleo produead In 
DntQin. 


DftlBKS 

Tha drying op Uia accelaraiioQ of tha drying of ^ by iha addition of 
driara hu been varioualy axplainad suco tha oxidation of oils vrai racogoitad 
early in tha ninataanth century. Tba meat conTamant natamant in tba 
recant past hu been that such action is catalynj, tha drier acting w a startar 
or accelerator of tha reaction without entering into it. Certain acdonj of 
paints and varmahaa which contain driers, howaTar, contribute to tha theory 
that tha reaction is more coni|daz. It hu bean pointed out that all tha salts 
which act as driers are those of poJyralant matal^ icdicadng that tha process 
involves a change from one form of molecular airangamant to another} the 
gelatioQ of an oil film inTolTas reactions of e colloidal nature which also have 
a bearing on tha drier's action. If oil is painted out upon sheets of metal, it is 
well known that certain metallic grounds inhibit or retard its drying ection, 
while others accelerate itj thoea substancee which retard, such as sine, era 
called antoxidants. PrograasiTa drying is a term which has bean applied to tha 
continued action of a drier upon an oil film after its primary purpeae (that of 
produdng a solid him) has bean actomplssbad} drien which display this 
characteristic to a marked degree have a harmful eflect on the durability of 
the film. 

Driars which contain lead or other materials which are sensitsre to ex> 
ternal conditions will impart the same colour effect to the final paint as 
though a lead or other susceptible jagment were used. Driers are, u a general 
rule, more satisfactory in artists' paints whan put into solution and added to 
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the hoished oil or medium thea when cooked ioto the medium. The normal 
drying eccioa of a pogment which ptxlucee satisfactory CIms with oil, such as 
white lead or umber, is Tery much more dednble than the action of liquid 
dners. 

Colours which have been ground in | ) oppy cal require more driers than 
linseed oil coloujs to accomplish the same effect, but because the poppy oil him 
if less durable than that of linseed, excessive amounts must be even more 
carefully restricted. Manufacturers of prepared artists' <nl colotirs add driers to 
some of the slow-drring pogments, but the careful maker bolds these addi¬ 
tions to a minimum, the aim bong, not to naka all the pigmanu dry in the 
some length of tima, but to bring the nte of tha veiy slow driers closer to that 
of the rest of the palatle. 


Resins 

The composidon of resins varies ccmndareUy; those usually clasrifled ae 
balsams and also a few of tba *gum resins' contain bantoic and ci n nami c add^ 
rofla if largely aUadc add and a substance called rasene. Rasene appears to 
be ths ingredient which imparts durabili^ to the harder rerins. The harder 
copals, dimar, and aandarac consist of their particular charactensdc radn 
adds plus rasenai gum Thus and the other pine exudations have a more com¬ 
plex composition, containing these materials plus volatile oili and soma re- 
rinates (esters of redn acids). The synthetic reams are miscellaneous products 
of a doten different origins^ meet of them are of a very Comdex nature. 


Tumintine 

Turpentine aod the other producu of pine disiilletion, such as wood tur¬ 
pentine, pane oil, dipectene, and tarpnoeol, have the property of polymeriz¬ 
ing upon ageing, and peseing into other heavier, more viscous forms which 
are less volatile and usually have a less agreeable odour. The action is more 
rapid in the presence of sunlight, air, and moisture, and it is usually accom¬ 
panied by oiddatioD. This is the reason fresh materials are always recom¬ 
mended, end are best preserved in fall containen, brown bottles or tins. 
Tuipentine is almost a pure, refined chemical^ it contains 92 to 96% of a 
compound known as pinene. Wood turpentine usually contains in addition, 
appreciable amounts of dipentene. Pine oil is laigely terpioeol. 

These spontsneotu reactions occur very slowly^ when turpentine is xised 
as a thinner for paints and vanhshes it evaporates much too rapidly for any 
of them to take place; it is therefore just as inert, and has the same indifferent 
effect upon peint films, as its petroleum substitutes. These remarks apply 
only to the fresh ja^xrct. Turpentine wluch has undergone changes by 
reason of long storage is eaoly recognized upon examination; if it has lost its 
pleasaat odour and acquired a disagreeable sharpness, or has become viscous 
and gummy, it should be discarded. Cootainers in which txupentine has 
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undergone these changes should be well rinsed out or discarded? a small 
amount of gumm j residue may affect a fresh supply or speed up its reactions. 

Turpentine should be kept in full, tight containers away light? but 
its preserTetion is seldom a matter of much concern, because of its Tow cost 
and availability, and because the average painter will consume his supply 
rapidly. 


Water 

The role of water in the various processes of the artist is considerable, yet 
it is often overlooked. Water Is probably the greatest or most universal sol- 
rent^ hence it is easily subject to contamination. Pure water will dissolve and 
hold in minute quantities, substances which for all practical purposes we 
ordinarily consider insoluble. All natural waters from springs, weUs, lakes, 
and rivers, such as are used for general water suppdy, contain varying 
amounts of salts which have been dissolved from the rocks and earths wHh 
which the water has come in contact. Everyone is aware of the fact that ex¬ 
cellent drinking water is often unht for certain uses? for instance, it cannot 
be used in storage batteries because of the salts it contains. Hard water—that 
is, water with a relatively large amount of calcium salts—cannot be used for 
laundry work or in steam boilers without first being treated chemically. 

Writers on water-colour technique usually recommend distilled water, 
which is chemically pure, because the salts in ordinary water are liable to 
break up the ^ne disperrion of some colouie, causing agglomeration of par¬ 
ticles, or graininess? also because of the minute cloudy or whitish Sim which 
such salta may deposit on drying. Practical water-colour painters, however, 
usually disregard this precaution as an unnecessary overrehnemant, unless 
the water supply happens to be unusually bad in this respect. 

It is advisable to use distilled water in the preparation of tempera emul¬ 
sions; small amounts of mineral salts have a bad e^ect on the formauou arid 
stability of emulsions and colloidal solutions. Krin water is free h'otn mineral 
salts but not altogether reliable, as it has plenty of opportunity to pick up im¬ 
purities, especially if it passes through polluted atmosphere. 

Fresco painters generally are very careful to use nothing but distilled 
water, because experience shows a decided danger to the surface effect from 
the introduction of small amounts of impuriUee. Also, mineral salts are con¬ 
sidered to interfere with the colloidal nature and hence the plastia^ of the 
mortar. 

Water may act as a destructive force on all sorts of paintings, either by 
coming into direct contact with the paint film from the front or rear, or in the 
form ^ atmospheric moisture. For this reason, new plaster walls must be 
allowed to become thoroughly dry before oil paint or adhesives are applied to 
them. According to the best practice, it is advisable to wait at least three 
months before application of ordinary oil paint to new walls? for per¬ 
manent artistic painting and permanent adhesion of m\jral canvases, one 
must be even more caref'^? as much time as two years has been recommended. 
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Piaster applied directly to exterior waBe presents a very doubtful surface for 
permanent painting. 

The deetrucdTe alkaline reaction of plaster walls upon paint coatings 
diminishes with the &goin^ of the plaster. In industrial practice, when dr* 
cnmstancee make it impomb l e to allow sufBcient time for this purpose, the 
walls are neu^aliaed bj ap^djing a solution of zinc sulphate of about 20% 
coTiceomtionj but ageing is prefersble. When a wall is completely dry, the 
alkaline action of the plaster has much less effect upon paint coatings; 
moisture is necaesary to cause a reaction between the and the paint. 
According to some experienced workers, 5% of mmsture is the maximum 
allowance for correct procedure^ according to others, 5% is permissible. 

An old method of testing the nuutxire content of e wall is to af^ a sheet 
of gelatin to the wall by its upper edge; the moisture io the wall (and in the 
atmosphere os wall if it is not a dry day) will causa it to curl up; If this occurs 
within five minutes the wall » too damp. The modem method » to use 
specially constructed m<^ur« meters; one of the most convenient and ac- 
curau of these instruments is the Sunvic Mmsture Indicator, * which operates 
on the Wheatstone Bridge principle, or the measuring of the unknown re* 
sistance, in this case the resiAence between the steel points of a probe. To 
test a plaster surface for moisture content the points of this tset-probe are 
Brmly presMd into the material and the meter to which the probe is attached 
indicates whether or not that am is dry enough for painting or adhesivn. 
The apparatus is contained within a small box, some 5^ x 9} x 7 inches, and 
is operated by a battery contained therrin. 

TZMP2AA Emuuioks 

As stated before on page 508, the pubUshad data on the theory and practi¬ 
cal applicationi of emulsions are not very complete, and there have been no 
exhaustire studies of the sub}ect hom a tempera-painting view-point. Most 
of oui opinions are based on observetions of an empirical nature and adapted 
from theoretical and industrial researches; as a result, wa axe still somewhat 
la the dark as regards a compleu control over the jractical technology of 
emulsions as applied to artisu' pants. 

Vfr'hen a tempera emulsion dries, the «1 globules seem to disperse into a 
homogeneous mass with the water-soluble and sUlnlizing ingrodienU, so 
that the film takee on the character of a clear solution of these ingredients in 
an oil film. Laurie" says that the ml content alone should be suffioent to 
bind the pigment; as noted previously on page 116, this amount is really 
quite small compared with the amounts we ut accustomed to employ in 
paints in order to grind and apply the odours. Re desoibes some experiments 
to detemune how much oU, accinding to this theoiy, should bo added to 
arlifidal emulsions. Equal amounts of pigmenU are ground with diffeiert 
amounts of oil (thinned with tuipentine to make grindtiag powible), until the 
amount of oU which wiU produce an adequate bond is discovered. To this 
•Snnrie Contmh Ltd., lO Eiae*Street, Strand, WCS 
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suggestion might be sdded the remark that a good starting print for such 
experiments could be obtained by grinding a measured amount of tagment 
to a very stiff paste with oil, then adding an equal amount of trigment^und 
vnth turpentine; for in the case of the average pgment, 50 % of the volume 
of ml necessary to grind the paste is n« far from the amount necessary to 
bind the coiour. 

Th9 proportion of oU to pogment thus amTed at is then to be used as a 
starting point for expenmenis in adding yarioos amounts of the aqueous 
ingrediani. It must be understood that this whole method is a theoretical one 
to be used as a baas for experiments rather than accepted as a regular pro¬ 
cedure. In most cases it will be found that for the production of an emulsion 
which u of an 7 practical yalue as a painting medium, the amount of water 
or water scdution will have to be considerably greater than these theoretical 
figures indicate. Pure egg-yolk, which yields a satisfactory but none too hard 
film, contains only about ^ or less egg ml by weight. 

Comp^sinon The chemiairy of egg ingredients is extremely 

complex. Alrncet all of the published researches on eggs have been done from 
the viewpoint of nutrition and not in relation to their technical uses. The 
fdlowing deu have been adapted from various food sources. Tha percemsges 
given are average and approxiinate. 


WhoU Egg 


Water 

t^0% 

Water-soluble mgredients 


Oily ingredients 


Pott 


Weter 

4^0% 

Water-soluble mgredients 

17*5% 

Oily ingredients 

55-5% 

W}^9 


Water 

a7'0% 

Water-soluble ingredients 

15-0% 

Oily ingredienu—a trace 


Typical Analyns of HerCa Egga 

Yoik 


Water 

-«’5% 

Fat 

18-0% 

Loothln and allied 


substances 

11-0% 

Proteins 

14-5% 

Dextrose 

0-5% 

Cbdesterol} lutrin} 


other substances 

5 * 7 % 

Ash 

1.0% 
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Whiu 


WAier 86*2% 

Proteins 12'7% 

Dextrose 0*5% 

Ash ®*0% 

Ledthin, cholesterol, oil—traces 

oil is a oon^rying cal wluch imparU dedrable propertaee to the 
tempera film. It is carried alon^ hj the powerfullj diying and edheave pro¬ 
teins to iroduce a film which hecomes d^. 

The proteini in egg are com|dex{ they are almost all of the type which 
coagulate upon heing exposed to the light and air in thin filmi. They are 
usually grouped together and referred to as albumen. 

Albumen is an effidant subiliser of oil-in>water emulsions. The egg oil 
and the albumen are the prindpal ingredients of the egg tempera film; the 
other substances contribute minor jxoperties. 

Lecithin is a cdU more powerful fUluluer of oU-in-water emulsions than 
albumen, and tends to form permanent, finely ^parsed emulsions in many 
natural animal and vegeuble products. It is classed as a lipdd, Upoids bnng 
a group of natural organic substances which hare many of the properties of 
fats. It occurs in egg oU together with other siinilar compounds of which it is 
the prindpal one (about 1 (y% of the yolk). 

Ledthin from vegetable sources (prindpally soya beans) and from agg, 
is produced commercially; also egg oil that has been expressed from ha^- 
boiled eggs. These have been appUed with htcle succees in the production of 
paints, but are lued to conadereble extent in the tanoing of leather end 
other industrial processes. 

Cholesterol, another Upoid or fat>hke substance, is an important con> 
ititueot of many aoiinel glandular products and is a recognised stabiliser of 
ths opposite, or watax^in-oy, type of emulsion. Lutein is a fugitive yellow 
colouring matter; chemically, it is almost identical with many vegetable 
yellows. Dextroee is a form of sugar commonly called grape sugar. The ash 
is the residue left after the egg haa been ignited; it consists of inorganic or 
mineral salts of some variety. 

In the study of emulrions it ia recognised that cholesterol and lecithin 
bare an 'antagonism'; ledthin absorbs water and ecu as an oUrin-water 
stabilizer, while cholesterol tends to stabilize the water-in-oil type of 
emulrion. The presence of both of these materials might posnbly have some 
bearing on the emtic action of egg-yolk/linaeed ml omulaons mentioned 
under Tempera Painling. 

Tempera emulsions or painting grounds which contain wax, egg-yolk, 
or (espedally) casein, will invariably turn yellow if they are emulsified with 
ordinajy linseed oil; they will turn less yellow with poppy oil, and least 
yellow with stand cdl thinned with a lit^ turpentine, cirrea procedure 
thus seems to prohibit, in general, the use of ^ese animal products with 
vegetable drying oils. The yeDowing is usually attributed to the action of 
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water on the gljcerides of the during the drying proce**, but it is quite 
likely that it is increased by the action of some suhsuoce which is common 
to most of these animal products, becaose other emulsions of linseed oil, 
such as g:uin tempera, do not turn yellow to such an extent, if at all. When 
hnseed oil is emulsified with casdn the yellowing is eo pronounced that 
casein/linseed tsU emulnons are forhiddon by all careful inTesngaiors; when 
it is emuMTied with e^, the yeUowing is sl^ht enough to be controlled and 
kept to an acceptable minimum^ nerertheless it is present. 

An emulMon is usually made by pouting one of the ingredients into the 
other in a thin stream while stirring the mixture rigorously. In general, 
they are beet made when both phases are of rather heaxy or viscous con- 
siBtency. Some emulsions will not com^ without the rigorous agitation 
of a mixing machine, and meet of them wUl not remain in suspensiort or 
contain very finely divided dropleu unlem given a complete and thorough 
mixing, The most convenient apparatus for the manufaciure of small 
quantities of emulsions is an electric mixer such as is sold for household use, 
and if it is of the type that can he held in the hand u well w placed in a 
stand or holder, its usefulness is increased. Care muse be taken to keep both 
motor and stirring blades clean; the stirrer should he cleaned and dried after 
each unng, and the motor oiled reguLiriy. Do not allow the cord to come 
into contaa with liquids. The shape and sue of the container should be in 
proportion to the amount of liquid used. If the container ii quart-size or 
smaller, from three to five minutes’ miring vnth one of these littie machines 
will usually be sufficient. When small batches are wanted—four ounces or 
ieie-^mulAons may be more conveniently made by shaking the ^ly and 
aqueous ingredients together in a tall botxle no more than three-quarters 
full. Oil-sample vials or the common S-ounce or 4^uDce feeding bottles 
which are scaled in half-ounces are convenient. Emulsions may also be made 
by mulling the oily ingredient drop by drop into the aqueous ingredient on a 
slab. On a large industrial scale, all three of these {vindplas are used, but 
usually an industrial emulsion is contidered crude or incomplete until it has 
been put through a second very pow er ful machine which makes the emulsion 
more permanent by decreasing the tize of the particles. An ordinoy egg- 
beater and jar is a less convenient but often adequate subetitute for the 
electric mixer. 

When a wax is to be emulrified H is xzMlted, and the water or aqueom 
solution, warmed to a temperature above the melting point of the wax, is 
added in a thin stream with constant agitation. If the solution is allowed to 
cool too much, the wax will sohdify upon coming in contact vrith it, and the 
emulsion will not be formed. A solid which has a melting pc^t higher than 
that of boiling water may be emulsified by melting it »riA thi nning it to a 
liquid form with an oil volatile solvent, if such a mixture is suitable for 
use in the formula. All of the waxes melt below the boiling point of water 
and can be melted in a water bath, but when they are mixed with resns, the 
mixture usually requires direct heat. 

Some of the modem synthetic industrial emulsifiers may eventually 
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prove to well cuited for the jreperatioii of painting emulsions of improved 
'behaviour and staUlity. 

Glues and Gelatin 

Properties and uses of ^uas and gelatin are discussed under Geao in the 
section on grounds and on pages 261-2. That the chemisuy of these products 
Is not well established and the control of their manufacture is largely em- 
^cal, wUl he gathered ^m the natements in those sections. 

From the maker’s viewpoint, gelann » simply a pure form of glue, made 
ftnm more delicate animal and refined with greater care and cleanU> 

ness than is ordinary glue. Chemically, the cocnpUz protmns of which gelatin 
ie composed can Im grouped roughly into two daasee, sometimes called 
chondrin and ^utin^ the former is responsible for its adhesive properties and 
the laiier for its gelation. Glue contains more chondrin and laas glutin than 
galadn. 

Technologically, the difference between ^ue and gelatin is considerable. 
The user of both of these prodticts regards gelatin, not as a purified glue, hut 
as s material of the seme origin, with aoiUar propertiee, especially when 
used as a aza, hut of different behaviour whan us^ as an adhasive or binder. 
The difference in compoation is one which involves colloidal as well as 
chemical properties, and the bebeviour of eech of these matarUli as an ad« 
heiive or as a constituent of a binder or film^forming mediucn, is different 
from the behaviour of the other. The bast grade of bone glue is inferior to all 
but the vary lowest grades of bide glue. 

The lughast-grade gelatin will make the strongest jelly, but its binding, 
adhesive, finithing properties will not equal thoee of the high-grade skin 
glues. Rebbit-skin ^ue bes the correct bsJan^ of properties for use in gesso. 
The calf-skin glues are so pure that they may be considered gelatins from the 
manufacturera’ viewpoint^ neverthaleaa, th^ have the adhesire strength of 
hide glues and are elso balanced enough for use in gesso. Selection of a glue 
for technical purpoece is usually based upon the correct balance of properties 
ratbsr than upon one danrable pr o p erty . A heavy viacoeity in the liquid state 
is apparently conadered am indication of a glue’s adhesive strength, and is 
also a desirable qusb^ for uses where too much penetredon is not wanted, as 
in application to cloth when it is tmdeareble for the liquid to soak entirely 
through to the other side of the fabria The jelly strength is a definite indica¬ 
tion of a glue’s value for sizing, gesso, and some other binding purposes. 

Glue, gelatin, casrin, albumen, egg-white and yolk, all belong to the 
same class of products of animal origin (psotems). One of the properties 
which members of thit particular group happen to have in common, is the 
ability to form viscous colloadwl solutions in watery and one of the reactions 
some of them display is a property of bmng coagulated or denatured when 
exposed to certain conditions, such as heat {as in hard-boiled eggs) or sun¬ 
light (as in drying of egg tempera). Glue dries and hardexis to form adheave 
or binding layers, but none of its original properties are changed, and sub* 
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sequent application of water will redissolTe it. Casein forms similar dry films 
of adhesiTe or sizing qualities, but these films axe not so completely soluble 
in water. The dried product resembles the original casein, which did not 
dissolve without ammonia^ it is therefore very definitely more resistant to 
moisture than is glue. It is a mistake, however, to consider casein films or 
paints completely w^ptoof, Compared with those of glue, they are merely 
more resistant to dismiegration by moisture—in many cases sufficiently 
resistant to suffice for certain purposes where glue would fail^ but casein 
paint films and gesso may be picked up or disturbed by water to a considerable 
extent. 

Glue and casein paint films, putties, gesso, and the like, may be enor¬ 
mously improved, to an extent that will render them more impervious to 
atmospheric moisture (and for all practical purposes to applied water or 
aqueous mediums if these are carefully handled and not scrubbed in), by the 
application of certain chemicals which have the property of toughening, 
hardening, or tanning them. Here again, the resulting surfaces are soi2- 
times inaccurately called waterproof^ thrir resistance to moisture is increased 
appreciably, but water, although it will not completely destroy them, can, if 
not carefully applied, damage them severely. The ihfferences between glue 
and casein hold true in the tanned products: the chemically hardened casein 
is proportionately more moisture-reeinant than the chemically hardened 
glue. In industrial use, solutions of the following materials may be added to 
the batch or sprayed on to the surface to harden glue and casein films: alum, 
chrome alxun, sodium or potassium bichromate, and tannic arid. But although 
these chemicals are or have been used industrially, they aw not to be recom¬ 
mended for materials fox permanent painting, because their products will re¬ 
main in the film; therefow more volatile subnancea are employed for arusts’ 
purposes. The best hardeners belong to a class of completely voUtile materials 
ofwhich formaldehyde is the most widely used example; the beet hardener for 
cesein, glue, or gelatin is a 4% solution of formaldehyde, which is brushed or 
sprayed directly on to the film. A 40% formaldehyde solution is universally 
obtainable in drug stores, usually under the name of formalin. Its highly 
penetrating, unendurable fumes are familiar to most people through its use 
as a fumigant; however, when it is diluted with nine parts of water to give 
the 4% solution, it can easily be handled, and there is no irritating effect on 
the eyes and throat. 

Acetone also has a powerful coagulating or flocculating effect on casein 
and aqueous colloids in general, but it is not generally us^ in this conned 
tion; no controlled definite recipes for its application as a hardener of such 
films are in circulation. 

AH of the above-mentioDed materials can be added directly to glue or 
casein liquids so that they will harden to tough, water-resistant films, but the 
disadvantages of the films containing such active chemicals is obvious. The 
behaviour of glue and gelatin is tricky and erratic in this respect; such 
hardening materials must be added to them just prior to use, and must be 
very delicately controlled; there is less difficulty in the case of casein; the 
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commercially prepared adheerves described on pa^ 279 cootain many such 
materials, and the industrial flat cas^ wall paints sold in paste or powder 
form usually contain lime, which not only assists in their solution but has the 
property of increMDg their raosua^e to washing. For permanent artists’ 
materials, spraying with the formaldehyde solution is the most approved 
method of or tanningcason or glue films. A redpe for the addition 

of formaldehyde to a casein solution is given on page 277. Great care must he 
observed during the mizing. 

It is neit her necesaary nor derirabla to heat glue or casein over 160° F. ^ 
heating to the pant ia definitely destructive and sp^ the product 

for use in any exact formulas. 

The addition of small amounts of alum (about 5%) to bide glue or 
gelatin is order to harden it and render it teas ^groscopac for use as a siring 
for paper and for other uses reqmrixtg weak concentrations, is a procedure 
which has been emjfoyed effectively since early tixnas. It is not used with 
bona g^ueij when rium is added to a solution of bone glue tbe solution 
becomes muddy or turbid. This reaction can be utilized as a test to dUtinguiih 
hide from hone glues. 


Plaster of Paris and Gypsum 

When native sulphate (gypsum, CaS 04 . 2 H| 0 ) is roasted at 

212-574° F., it losea ihree*founhs of its water of crysulUzatiou and becomes 
CaS0«.^H|0, the familiar plaster of Paris. When mixed with water to a 
plaitic coosistaAcy or a heavy cream, it takas up the one and a half psrts of 
water again, and when dried, hardens to a uniform solid mass which is inert 
and no longer reacts with water. If plaster of Paris ts soaked in a large excess 
of water, enough so that it settles to tbe bottom of the vessel instead of 
forming a paste, it will take up the water and become inert in the form of 
fine particlea without sohdifyiug to a continuous mass. The matarisl hss 
enough hydraulic characteristics to set, at leut partially, under watery ihero' 
fore it must be stirred often diuing the first thirty minutes of slaking, and 
once every day until it is smooth and creamy, afmr which setting will not 
occur. Chemically, both the slaked and the hardened plaster of Paris are the 
same as the origins! gypsum, but they differ from it snd from each other in 
crystalline structure. 

Vtt in Gesso. As noted under Gesso, Cennini used slaked plaster of Paris 
as a pigment for gesao. The painters of his day and locality used it because it 
was the moat hrilhantly white, inert, and pure material of its type widely 
available; but when whiting in uniform, pure grades became an article of 
commerce, it replaced thU material. The very fine Paris white was a further 
improvement, and predjntated chalk a still later one. In ttxounu of other 
couDtrias and times, chalk is as frequently mentioned as gypsum or plaster 
of Paris for use in painting grounds. 

A chemically predjatated calcium sulphate is also available; under the 
nucroscope, the particles of this variety show up as long, needld>shaped 
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crystals which have a tendency to mat or felt with each other. For this reason 
some writers of the past have recommended slaked plaster of Paris for pro¬ 
ducing a gesso of superior durability or elasticity, Finely powdered native 
gypsum and slaked plaster of Paris, however, do not have this monoclinic 
crystalline structure to any marked degree; moreover, it is entremely diffi¬ 
cult to obtain any of these products in a pure state, free from lime or other 
alkaline impurities. 

Pure plaster of Paris when mixed with an equal volume or about one- 
third its weight of water will set rapidly, becoming hard and solid in five to 
fifteen minutes. This is the reason why plaster of Paris is used for moulding; 
the speed of its setting is greater than that of the evaporation of water; 
hence there is no shrinkage. Most other plastic materials shrink upon setting. 
Plaster of Paris hardens best in a dry atmosphere, It sets because of its slighi 
or partial solubility; the small amounts in solution crystallize out and inter¬ 
lock or cement with the insoluble particles in a way similar to that in which 
lime sets- The addition of as little as J of 1% of hide glue will delay its 
setting for two hours. Slov«etting and medium-sectlQg plasters are sold 
ready-mixed with retarding ingredients. Gypsum and piaster of Paris were 
used in the earliest primitive uvilizations. 

Ke€ns cement is a thoroughly burnt gypsum from which all the water of 
crystallitation has been driven, and it contains additions of alum or other 
salts. It dries to a very hard mass and is used as a patching plaster for walls 
and in places where the surface may be subject to much wear. 


Soap and Saponification 

Soap is made by boiling an oil, fat, resin, or wax with an alkali. The 
water-soluble soaps used for washing purposes are made chiefly from vege¬ 
table oils and animal fats. A carefully made neutral soap, such as cake shaving 
soap, Ivory, Lux, etc., contains no alkali; however, when it is mixed or dis¬ 
solved in water, a minute amount of alkali is produced by a chemical reacriou 
(hydrolysis)—suffirient in many instances to alter the surface colour effect of 
a painting. The principal action underlying the functioning of soap as a 
detergent or cleanser is generally supposed to be a colloidal one; the various 
theories which have been advanced are based on various interpretations of 
the chemical nature of dirt. The partides of dirt are usually conridered to be 
more strongly attracted by the soap soluUon than by the substance which 
they stain. 

The removal of varnish from paint with soapy water is clearly, from 
observation, a process of solution, accompanied (or preceded) by some saponi¬ 
fication, which is probably the most essential part of the action. Disadvantages 
of the use of soap for this purpose, other than those enumerated in the dis¬ 
cussion of the cleaning of oil paintings, are: (1) colour particles are drawn 
into the soap solution from an otherwise seemin^y unaffected Elm, (2) 
soapy water seeping into cracks does far more harm than plain water, and (5) 
the presence of dirty suds hinders visual control of the progress of the work, 
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Some dirt films are atucbed hj superiidel edhesion, some hj adsorp- 
UoD; those of an oily nature can Iw recnored by aqueous solutions only when 
they are emulsified by soap, or saponified (made into a soap) by free alkali. 
Free alkali will attack and sometiffias destroy adior1>ed layers. 

Tbs so-called metallic soaps, whose manufacture also involves the saponi¬ 
fication of ^y materials but which are insoluble in water, are described on 
pa^ 14d. 

Lithography 

From the period of the development of the lithographic process down to 
recent times, the chemical prindples underijing the various attractions and 
rapuliionj peculiar to lithography were not entirely explained in a way 
satisfactary to workers on the sul^ect. The usual ex^anadon that the free 
fatly adds combined immediately and directly with the stone to form eel* 
ducn dleates, etc, and that the natural add of the gum formed arablnates, 
was not conrincinf to those who were familiar with the feebly reactive 
nature of the adds of dl and gum. The UnprobalnLity of the occurrence of 
such reactions with infallibU precision under the variable conditions present 
in lithographic pecdce, was noted, but until recently was not proved. * 

Ths conditions set up in the stone are not caused by superfidal coatings 
of oelates, arabinatas, and other products of reactions which could be dis¬ 
solved with solvents, but are pennanent effects in the stone Itself which Sire 
produced chemically and can be removed only by mechanical means, that Is, 
by grinding the layer completely off the stone. 

The action, according to modem investigators, b adsorption, a reaction 
rsferrod to in the first part of thla section. Many substances, particulariy 
when their surfaces have been recently and carefully cleansed, have the 
property of adsorbing layers of acidified gum arable and lithographic crayon 
to produce conditions under which lithography b possible. According to thu 
theory, an adsorbed layer of facty adds b formed under the crayon marks, 
and Don-polar deposits incapable ^ edaorUng fat^ adds are set up on the 
rest of the stone by the addified gum anbic of the etch. These layers are so 
thin as to be immeosunhle) it has even been suggested that they are mono- 
molecular, because of certain theoriee of adsorption. 

The animal and vegetable oils, fats, and waxes of the lithographic 
crayon contain fatty add molecules, wluch are capable of forming orientated 
layers, as previously described in thb section under Adsorption. If pure 
mineral oil, which has a different molecular arrangement, b applied to a 
sensitive stone, it will not set up a lithogrophic printing coadltionj if minute 
amounts of fatty add are added to it, a vary shght smudging eff^t will be 
produced, because the material then containa some traces of orientated add 
molecules. These facts contribute towtnl the proof of the present theory. 

The reason why lithographers have found it wbe to allow the etch or 

* Tritton, F. J., ‘A study of the theerr of Uthcmphic printisa.’ Journal e/Ae 
Socis^ of Ckrmiesl XvciiaOy', Vol. SI, {^. ^99^'^06,5G7-313. Loodoo, 1932. 
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gum solution to dry before washiog it off is that a Tery concentrated solution 
of gum is required, and this is most easily obtained by allowing the solution 
to dry down on the stone. 

The operation known as rolling up is important, because it speeds up and 
completes the process of adsorption by means of mechanical pressure, an 
established way of accomplishing this. 


Etching 

Preceding remarks on the nature of acids will throw some light on the 
reason for accurate formulation of etching mordants, both as regards choice 
of adds and concentration. 

In the first place, a certain optimum dilution with water is required to 
secure the proper dissociation or ioniration of an add so that it may act most 
efficiently on a metai. An extremely Tioleni action is not desirable, because 
it would be uncozrtrollable and probably erratically uneven, and «l w because 
the force of the bubbles of a violent elnjlition and the heat generated thereby 
would have a mechanically destructive effea on the fragile coating of resist, 
particularly where there are delicate lines. 

Sometimes when a metal is immersed in a full-strength acid—for ex¬ 
ample, tine in concentrated sulphuric add—the metal becomes almost im¬ 
mediately coated with the end product (zinc sulphate), which effectively 
protects it from further action by the add; if the acid were diluted with 
water, this salt would go into solution as soon as it was formed, and the metal 
would remain dean and exposed to the action of the acid as long as desired. 

On the other hand, a too dilute solution is also impracticaUe; the length 
of time a plate would have to remain immersed or in contact with the add 
would eventually cause the ground or resist to be affected; the etcher also 
wants a certain amount of continuous bubbling to occur so he may know how 
the reaction is proceeding and thereby be in control of it. False biting through 
the failure of the resist in spots can be immediately observed by the bubbling, 
and steps can be taken to stop it by rinsing the plate, drying it, and giving 
these places an additional touch of add-proof varnish or resist. 

Copper is much less reactive chemically than zinc; comparatively, it can 
be dassed among the inert or durable metals. 
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Conservation of Pictures 


T hif cbai^er is ocpt desired to be a complete manual of uistruction; 

should some of the diu seem to be presented in too great detail in 
proportion to their importtoce, it mkj be explained that this is 
done because these fecu, some of whi^ are coramon knowledge 
to eKperieoced restorers, hare faitherco remained unpublished, or because 
published accounts cd them are rague, coneradictorj, or not readily aTiilable. 

The modem tendency is to refer to this subject as the conservation of 
works of axt^ this term iodudes all measures taken and studies made for the 
purpose of rebabUitiiing damaged or deteriorated works and preserving or 
maintaining works of an under c orrec t conditions. Restoring refers only to 
the replacement of missing pordous, imiutiag the original by the use of peint 
or building up misring fragments of sculpture. The distinction is a proper one, 
but it still seems convenient for the pnaral an public to refer to the entire 
subject in ordinary conversation as restoring and to call its practitioners 
restorers. 

Proddency in restoretion is not entirely a matter of fundamental anistic 
and chemical knowledge, materiala, methods, etc.} these are necessary 
equipment, but ihsir successful spplicedon is a result of expert skill and a 
senae of judgment developed by experience. Apart from understanding the 
strictly technical aspects of the o^aft, the worker must have an adequate 
comprehension of the artistic nature of the work upon which he is engaged. 
Tc<h>" mantiotu peeliminary experience and studiee on tho subjea, end 
recommends continued study and experunant upon old and worthless 
piaures in varkw stages of decay. Perhaps the paramount consideration is 
the restorer's tttJlude toward the work} the piaures entnmed to him should 
be treated in a conscientious mannv to the be« of his ability, uninfluanoed 
by other considerations. A well-qualified restorer may socnedmes resort to 
unsound procedures, not ihrou^ igooraoce, but because of various circum- 
stancee. 

In connection with this type of work, inexperienced persons moans 
persons who have not comidetely restored hundreds of old paintings and so 
become thoroughly familiar with the emeigendes that suddenly arise, with 
the little differences between one painting and another which may indicate 
totally different methods, or with the dozens of variations of cause and effect 
for which there are no written direcuons. The term inexperienced also 
includes the profesaonal printer with a successful restoration or two to his 
credit. An experienced restorer is condnually learaiag 

5S8 


GENERAL RULES 

It is expected th«c the informetion in this section will be utilized by the 
amateur^ the foregoing remarks are intended to impress upon him the 
necessity of knowing how much ho dare attempt, and under what drcum- 
siances the work may be within or out^ his capabilities. 

General Rules. Most of the rules and instructionj for restoring hare ex¬ 
ceptions, modifications, and limiuliong} these should be more or less obvious 
to the intelligent operator. 

In attempting restorations, ay to av<^ doing anything that cannot be 
undone^ keep it poscible to return the picture to its ealus quo if neceesajy. 

Do not treat a dilapdated canvas which is to be restored as though further 
rough handling will not matter. The difference b«ween an ordinary restora¬ 
tion problem and e compacated or hopeleas case k often slight. Also, every 
new blemish means juft so much more work. The most troublesome opera¬ 
tions the professional restorer is r«iuired to empby are often those made 
necessary by previous unskilful ettempu at rostoredon. 

Attempt should be made to save every veedge of criginal painty re¬ 
painting should be done only where all original paint is missing, as in the 
case of holes, bums, etc. 

Too little perfection is preferable to overdone restoration. Work must 
be planned in advance in this respect, and judgment exeroiied in its 
execurion. 

Excellent restoration has been practised for a good many years. Generally 
speaking, the old, well-tried methods are superior to the more recent ones, 
but a considerable number of the modem materials a nd redpes are superior 
to the old. 

As meorioned in the section on paintin g in ^ linseed oil is not a par¬ 
ticularly good adhasive or glue. Therefore remember that a powerful glue is 
not necessary to make peint adhere to cenvas; what is more important is 
stability—lha power of the binding material to ‘nay pul' or remain un- 
changad under normal conditione. In the same conoectioD, it shotJd be 
borne in mind that co n ditions only slightly away from normal land to destroy 
this adhesion. 

One of the most powerful enemies of oU peintinga is water, including 
water vapour or moisture in the air. Canvas is commonly sized with glue 
before an oil ground is applied. The picture consequently is separated from the 
cloth by an exceedingly thin layer of gluej if this be moutened from the back, 
the picture may immediately detach itself ftom the canvas. Water seeps 
through tracks and fissures when applied on the face of a j^aintiw g uid may 
produce the same effect. It is inadvisable to use water or mixtures containing 
water for cleaning most old inures, and when the experienced restorer 
finds it necessary to do so, he will use it as sparingly as possible and dry the 
picture thoroughly immediately afterward. 

Proprietary nostrtuns for the cleaning ‘regeneration* of paintings, 
whose composition is never published, bear the same relation to correct 
restoration as patent cure-alls do to the practice of medicioe, and should be 
strictly avoided. 
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Repdnang. From the very hepsiuDg of reeiorisg, so far as can be 
learned from old writings, correct attirude and ta5t«, and pro[ffiety of reeultSf 
have been matters of great coocov to those interested in the conservation of 
art; some of the earlier writers are surprisingly' in agreement with much 
modem thought on the subject. 

The use ^ restoretioc, in the narrower sense of the word as previously 
dsHned, must be strictly limited to the refdacement of missing parts, and 
none of the original paint should be concealed. Various writers have pro* 
posed di/Terent approaches to repainting} in the case of a valuable artistic 
work, it is genendlj derirahle to recondition the pacture so chat repairs are 
not readily apparent but so that upon dose examination all tha restored spots 
may be detected without trouble. Some of the suggested methods of accom* 
plithing this are to tsse an entirely diEerent tedmi^ue of brush stroking 
from that used in the surrounding paint (batclung, stippling, etc.), to model 
fiUings or plugs so they lie slightly below the surface, to paint them care¬ 
fully but in colours a shade or two away hem the surrounding areas, or to 
leave them vague or blanh, tinted to match apprcodmataly the surrounding 
paint. 

In tha case of a Mmi-valuable painting regarded by Its ovmer primarily as 
a wall decorahon or of a portrait which Is valued for reasons other than its 
artistic or historical value, the restorer is ustuUy caUed upon to duplicata iu 
original condition without Uemkh. In the instance of a inodern work whidi 
Has become damaged, particularly when the original artist repairs it or 
supemsei its repairs, the same flawlass perfection is required. Flatly painted 
areas such as plain backgrounds, or small lacunae in areas of nogle, tonas, 
which bear no particular relation to individual draughtsmanship, are com¬ 
pletely restored in almost all caees. 

In writing descr^tions of specific restoring processes, it is usually ne> 
essary to proceed on the assumption that a complete, flawlw result is desired, 
end to leave the distinctioa between restoration and original work to the 
judgment of the restorer, whose decisioas will usually be dictated by the 
conditions and auspces under which he works. 


Rbunino 

When injuries or decay in a printing on canvas have occurred to such an 
extent that patching, retouching, or other simple treatments will not rectify 
the defects or check the future disintegration of the fdcture and preserve it 
indefinitely, the p&i wrin g must be relined. 

This procedure consists in mounting the entire jacture, including the 
old canvas, upon a new support, usually a new linen canvas. Logically the 
process should be called lining, but it Is unirersally referred to as relining, a 
term which refers specifically to the conservation of decrepit paintings by 
this means. Canvases may be mounted on wooden panels for further ri^dlty, 
but this Is usually considered an inai^rojyiate alteration of the origizul work; 
furthermore, many old restorations of this have developed blisters 

350 



Anatomy or an oil taintino 
(KMding up fjwi th« bonom of tbr dU^rtm) 

A Lintn »uppoTt> 

B—Glur liiinf. 

C—Pirn coAtiAf of ground. 

D—Second coetiog of ground. 

E—Tho painting. Tbir may bt one simple, diroetlf eppUed painC'film, 
or it mtY cooiin of several la)^n, e.g., 

1. Uoderpaindog 
d. Orerpaiodng 
$. OUtn or scumbling* 

4. Isolating TnraUbei or velU. 

F—Picture vamisb. 

G—IDirt. 


wtrpiiig, and cracking, dofecu which woiUd not bare occurred if canvas had 
been used^ also, eventual further reetorations are made more difficult, Ex* 
cept under unusual, special condiiioiia, canvas is preferred. When additional 
rigidity is denred for any speoai reason, a well*braced Preedwood panel is 
better than wood^at any rate, tn this dimate. 

Kelining methods may be classified into two groups, according to the 
type of adhesive used: aqueous or non-aqueous. The former is the traditional 
and still the customary method; the latter is preferred by modem, scientiiic 
workers. The choice of materials should be determined by the nature of the 
defects, the degree of correction required, ^nd other circumstances, but the 
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non-aqueous adheaves are to be favoured whenever they can be succeesfuHy 
applied. 

The mual procedure, based on traditioDal methods, is to stretch the new 
linen on a temporary stretcher, eight or ten inches longer each way than the 
original, and give H a good siring with a weak solution of hide glue or gela¬ 
tin. The linen should be strong and of the best quality, As with linen that is 
prepared for artists’ canvases, its weight should be sufficient to withsund all 
the strains to which it will norcnally be subjected, and a flat, square weave 
with identical threads in the warp and woof is most desirable. 

For small pdcrures, up to 24 inches or thereabouts, the ordinary stretcher 
bars will serve for the tempmry frame, but because longer siretcher frames 
will warp and twist in an anikiyiiig roaoner, careful workers tue heavier 
wood for larger canvases, 2 x 2 or 2 x 4, joined with iron angles. The outline 
of the picture area may be ruled on both odes of this canvas with a pencil. 

If the paint flJm is decrepit and likely to part from its canvas, papar is 
pasted over its surface, as described under Tranafvrin^. Some restorers 
recommend this in all cases, others only when they deem it necessary, but 
it is always safer to do U, aspeciaily when uoog an aqueous adhesive. The 
^cture is then carefully and neatly cut from its original stretcher^ some¬ 
times the tacks are flrvt removed with a screwdriver and the margin trimmed 
off with sdssors or a sharp blade. When the |ncture is to be replaced in its old 
&ame (smd so far as drcumstancee permit, in every case), care must be taken 
not to diminish its rise. A peindng which is dilapidated around the edges is 
often trimmed to e smaller nze by the reetorer when with a little extra care 
and time he could preserve its full original sue. 

The back of the picture u gone over with sandpaper if necessary, to 
remove all knots and irragulariiiae, and then sovbbed with a whisk broom. 
Previous to this, all significant inscriptions or ctencalled marks should be 
photographed or carefhfly traced and j^eserved. Hot glue is than applied to 
the front of the new canvas within the pencilled outhne^ after it has set 
sufficiently, second and tlurd coats may be applied, according to the re¬ 
storer*! judgment and azperience. The glue should be applied with a wide 
flat varnish or enamel bnub, and great care should be teken to keep the 
layer smooth and uniform. A typeal mixture Is French rabbit-akin glue, 
heavy wallpeper paste, and Venice turpentiae. Three ounces of the paste 
are dissolved, free from lumps, in 10 to 12 fluid ounces of water and mixed 
with 6 fluid ounces of g^ue which has been soaked overnight in cold water, 
drained, and melted. An ounce cr two of Venice turpentine is then emulsified 
into the hot glu^paste mixture with an electric mixer. Glue without paste 
will shrink too much and will not ^ve a structurally durable Him. The 
Venice turpenhae imparts a Uttle flexibUityi also, without it the glue will 
not have the desired adheave tackaness or penetration. Many other aqueous 
adhesves, including the casein-latex cement, have been recommended for 
relining. Glue and paste mixtures should contain a little preservative (see 
page 285) in order to jaeveot the formation of mould, should the painting 
be stored under conditions which would encourage its growth. 
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The back of the old paintm^ is then pren at least a tluu costing of the 
hot glue and placed on g^ue<OTaed area of the sew linen. The casTases 
are pressed together with a rubber roller, or bj rubbing with the palm of the 
hand, care being taken not to exert enough pressure to disturb the rndfonriity 
of the glue layer. Blisters or air bubbles are avoided by rubbing from the 
centre outward. IHeces of plywood, Presdwood, or other boards of the correct 
she (larger than the picture but smaller than the inside dimensions of the 
temporary stretcher) are itseful for building up a support under the tein* 
porary stretcher so that Uus and other operations on the surface of the picture 
can be done against a solid bacUng. The picture is then set aside until it is 
nearly but not quite dry, after which it is ironed on the back with the 
heaviest sort of tailors' iron (about 20 pounds is a desirable weighty a lighter 
iron is less useful). A continuous gliding motion should be used rather than a 
pronounced stroking. The purpose of this ironing is to force the adhesive 
through the old canvas to the back of tho ground, and also to cause a smooth, 
level condition. If the iron is too hot, it will cause the glue to liquefy to a 
greater extent than ia neceseary and to flow unetjually. If the iron is too cool, 
the glue will not liquefy suf^ently to penetreie into the old picture and 
strengthen the adhesion of the grotind to the canvas. Very hot irons will 
sometimes bum the paint. 

For this operation the pncture must lie face down on a perfectly smooth, 
hard surface^ Preedwood free from blemishes is a good hasa. If the picture 
has any sort of imptsto or sharpnese of brush stroke, the points must be 
preserved by interposing a pdeca of blanket matarUl, a pila fabric such as thin 
velvat, or other fairly thick, soft cloth between the table surface and the face 
of the picture. A smell spot or p^t of peint rtisad any considerable dietence 
above the level of the pactiu^ will be fleueoed out by preeexue egeinst an 
unyielding surfece; this might not be so very harmful, were it not for the 
fact that the point is then likely to be surrounded by a small crater or con> 
cavity which will emphasize its (rushed condition. Ironing the face of the 
picture is generally to be avmded; the experienced worker will know when it 
is neceesery^ and whether he irons it directly or protects it with a piece of 
cloth, he will take greet care that the iron is not hot enough to bum the 
paint. Beeswax or paraffin may be spread over the surface to allow the proper 
elip and protection. When the picture is perfectly flat, it is ready to be 
cleaned. If paper has been pasted upon it, it is ripped off after sponging it 
with warm water. This water must not be allowed to soak into the {xcture, 
but it must wet the paper thoroughly^ some skill must be ezardsed. The 
Presdwood or plywood panels mentioned aarlier are useful as a support in 
such an operation. A painting will often require an additional ironing after 
removal of the paper. 

Some writers recommend that ironing and other operations be carried 
out after the picture is on its final scretcherj this is a more cumbersome pro> 
cedure^ it requires the use of handled implements, made of thin wood or 
sheet metal and resembling trowels or mortarboards, for working on the 
parts of the canvas which He over the stretcher. 
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Pressure in Relinwg 

In the puhlUhed sccdunts oi restonn^ techniques, little or no mendon is 
made of the use of freenar and clamps during relining, jet they have been 
used to a conittderable extent by profenrioBal reetorexe. A study of all the 
literature on the subject of restoring tends to give one the impression that 
their use is not in accordance with approved practice or that it is unneeeesary. 
Yet old paintiiigB which underwent ralimng seven^^Sve years ago or more, 
and which are in perfect condition, often show unmistakable evidence of 
pressure. All adendhc and ^counts of other adhesive procedures 

assume that pressure during the hardening of glues is essential, 

By far the greater number of old pointings which require reconditioning 
present complicatiom of more than one defect, usually rendering the literal 
application of published instntctkms inpoasible, as these instructions almost 
always usume that the defect under ctousrion is present in an otherwise 
intact psatire. This is particularly true in the case of chose piaures which 
have as an addiuonal defect an irregularity of surface that requires flattening. 

Very often an did painting on canvas has an aUH>ver crackle which 
createe a son of swollen, rounded effect, each unbroken area seeming Eke a 
raised island in the network of cracks^ socDetimes these areas are concave 
or sunken. Such irregulahties of surface are caused by the unequal tension 
put on the fabric by the unbroken areas of paint and ^ue size, and the net¬ 
work of cracks where the film is discontinuous. It is often impossible to 
•pread a coat of relining cemont to a suffidently uniform thickness so thst 
the pardcuJar canvas bring treated vdll be perf^y flat{ in some cases the 
edhesiTe^s sHgbt variations in thickness, or unequal cenrion, will be trans- 
fsrred to ths surface in the form of bumps or other irregularities. Often such 
condidonj cannot be corrected hj repeated ironing, but they may be mini¬ 
mized snd usually entirely ccmoed by a skilful eppUcetioa of prsesure. 

Ths piling of wrights on the average painting is usually ineffective^ an 
enormous wright is nsceseaiy to equal &e pressure of the most indifferently 
powerful press or clamp, The work of professional renoren will naturally be 
greatly fsdlitated by a properly designed press of a size large enoisgh to 
accommodate most pictures^ it may he spedally constructed, adapted from 
machinery intended for other purposes, or tmprovued according to the ideas 
resources of th« restorer, and may operate on a number of fairly obvious 
principles. Good results, however, may be bad by u«ng Isrge-sized car- 
penien’ or cabinet makera" clamps, the advenuge of a press over these being 
principally one of convenience. The all-metal damp are more desirable than 
the wooden ones. 

Pictures may be presed between plywood panels of convenient size^ the 
five-ply fl-inch panels described under fTood^n PaneU are good for this 
purposej another satisfactory material is a plywood of epprtprimateiy the same 
thick n es s but made of five {dies of maple of equal thickness in place of the 
thick softwood core and the four thin j^es of hardwood veneer of which the 
other panels are conetnicted. This wood is not used in ordinary decorative 
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or structural woodwork, but is made expressly for mechanical and technical 
purposes such as the present one, and is lass likely to warp and more likely 
to stand up under hard wear than the other. Pre^ure may be distributed by 
an arrangement of wooden strips or bars? 2 x 2 or 2 x 4 lumber, if it is not loo 
badly warped, will serve the purpose. 

An adequate supply of Presdwood is also very convenient; when it is used 
together with the heavier panels its smooth aide may be placed against the 
picture; it is also useful as a smooch flat surface for iromng upon, and in the 
manipulation and handling of canvases generally. As zneodoued before, 
when a canvas is mounted on a temporary stretcher, it is often convenient to 
have a panel or several sheets of Pre s dwood cut to a dze around which the 
stretcher will flt so that work of various kinds may be done on the face of the 
jncture while it is resting flat on a solid surface. 

With canvases in a press, the same precautions must be taken as in iron* 
ing; if they have impasio or sharply pointed brush strokes, these must be 
proteaed as previously described so that they are not flattened out. When an 
aqueous adhesive has been used to reline a and ironing is not 

effective in producing a flat level condition, the canvas may be pres^ after 
redampening the back of the new linen with a wet sponge. This procedure, 
of course, has all tha disadvantages mentioned by those who oppose the use of 
water in relining, but in experienced hands it should not be dugerous. After 
the canvas and glue have absorbed a fair amount of moisture a^ have once 
more become uniformly damp and flerible, tha canvas is placed under 
pressure for about forty*«ght hours, preferably longer. Sheets of waxed 
paper should be used to prevent the moist canvas horn sticking to the press 
boards, and strips of it be pieced along the borders of the face of the 
picture where the glue may have spread through the edges. Waxed paper 
may also be placed over the entire fece of the vrhen necessary, but 

the edges of the sheets are then liable to iinpresa their marks on the picture. 
Waxed paper is useful in a number of other restoring manipulations but 
cannot be used against the face of a jacture when heal is applied. It is not 
wise to wet the margin of the new canvas too much, es the glue around the 
edges thereby becomes too medst; the moistening should be confined as much 
as posable to the of the picture area. 

Upon removal from the press, the pacture should be stretched without 
delay. Even if it seems perfe^y dry, it usually retains sufiidant moisture to 
cause buckling and inequalities if it is allirwed to remain exposed to the air 
for long without being stretched. If the temporary stretcher is still attached, 
however, the canvas may be held taut enough to prevent this. Sometimes the 
procedure of dampening and ironing the canvas is repeated several times in 
order to flatten obstinately uneven pictures, because ironing or pressing will 
have little effect tbe pcture is in a malleable condition. This moisten> 

ing and steaming of the canvas is a good reason for preferring non^aqueous 
adhesives, as discussed under the next heading. 

For various reasons it is sometimas desirable to reinforce a canvas by 
gluing a strip along a tide or tides where the canvas goes over the stretcher, 
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instead of relinin^ the whole |Bctui«. Theee stripe maj be glued on with 
strong relining glue, care being taken that their inner edges do not eneod 
beyond the part of the picture concealed by the rebate of the frame. The 
strips shmild be wide enough for thrir outer edges to extend about 2 inches 
beyond the edge of the pcmre, so that they may be properly stretched. If 
raw linen is used, socb strips should be impregnated with glue size before 
being glued oxi, and after they bare been ironed or put through a press 
between strips of wood they should be p^ced with a good oil paint; their 
back aidee may also be sprayed or brushed with formaldehyde if desired. The 
inner edges may be rarelled, as explained in connection with glued patches. 
Linen for this purpose should be strong but of a lighter weight or more open 
wesre than the usual canTas type, and the glue should be applied evenly and 
not too heavily, or buckling may occur. 


Non-Aqubous Adhesives for Relinino 

In several places throu^sout this book the harmful effects of water upon 
peiDtings have been noted. Water mixed into oil colours, especially when 
emul^ed, produces weak, spongy films and favoun rapid yellowing of the 
oil. M^ure in the atmosphere hm its ddeterious effects; water is generally 
taboo in cleaning Nd paintings on eccoimt of iu affect on the entire structure 
of ihepiaure. 

For some yean, many writers on the subject of relining and mounting 
cal paintings have declared that the water content of relining gluee is like- 
vrise injurious, especielly when the damp caavee is ironed: that the steam 
generated thereby is destructive, the entire painting weakened, and the 
cloth liable to shrink end cause i/w^nifig or flaking of paint or ground. Such 
writers are theorisu more often than experienced restorers, but their 
opinions are not to be taken lightly on this score; ii is ^uite likely that the 
moisture*! penetradoo of the size which isoletae the linen from the ground 
and of the ground itself if it contains glue or casein, may leave the painting 
in a weakened sute. The altarnative to an aqueous adherive is a wax-resin 
mixture; such a mixture, ho w eve r , has not been accepted to any great extent 
by profeesional restorers for reasons aheady outlined. Most old paintings 
suffer from a muJtiplid^ of defects and the adbeave waxes do not meet the 
complete re^uiremeou in many cases, especially in regard to the eppearence 
of the restoration; however, they do give good resulu when the picture is 
not too badly wrinkled, bu^ed, or othermse irregular in surface. When a 
Don*aqueous adbeRveisdaT^oped which will give as satufactory visual effects 
as the aqueous mixtures, it w^ no doubt be univenally adopted because of 
its being less injurious to paintings. The atthude of the writen who favour 
the Qon-aqueous adheares is that the painting should be cooserred in the 
most permanent and harmlea manner down to the last posribis precaudon, 
even at the expense of the complettnees of the restoration; the attitude of the 
professional restorer who is guided by the }a«fere&ces of the average patron, 
is that no process is orrect and siuxessful that do« not put the p^ure in as 
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tinblei^hed coaditSan as possibU. The latiar point of yiew has ai> 

counted for much damage to yaluable paintings in the pasi- 

A t^cal formula for a non^aqueous adhosire is the foUowing, taken from 
the pubhcanon mentioned uod^ Tran^erring: 

5 parts beeswax 
Spartsro^ 

1 part Venice turpentine 

The ^der and lees brittle damar min may be substituted for rosin if 
desired. The mixture may also be thinned with a very litUe tuipentine for 
ease m application in certain uses; when thu is done, it is assumed that the 
user will provide for the complete evaporation of the ihinner during the 
FOgreas of the work, either by ironing or by exposing the wax coatinTw the 

air for an hour or so before joining the two fabrics. 

This is one of the few redpes given in this book which involve the direct 
heating of inflammable materials; the melting point is rether high for the 
mixture to be made conveniently in a water bath. However, if the can or 
Ya«el IS act too full, and a metal plate is placed between it and tha electric 
coil or gas flame, the fire risk is ncpi great If the mi«uro is to be thinned with 
turpentine, the Ught should be extinguisbed, and the can removed from the 
stove before snmng it in. The Venice turpemioe is stirred In last, s/ter the 
mixture has been removed from the stove. 

Materials of this nature are appUed to the beck of the old canvas and to 
the ^pared side of the new canvas (beet quality peepared artisu' oil canvas 
can be used instead of the pido linen employed In glue relining), which are 
then pressed together with warm (not hot) electric irons. Care must be taken 
to maki^ the coating thick enough to provide a good bon^ and thin enough 
so that it is possible to manipulate the iron without getting into trouble on 
the score of having the wax melt and run into unequal ridges and wrinkles. 
Care taken in applying a veiy even, uniform coating of wax with the brush 
or spatula will repay the worker in this respect. 

When unprepared linen is used insteed of oil-primed canvas, it is diffi¬ 
cult to prevent the wax from running through it during ironing. The ac¬ 
count mentioned on page 559 recommends the applicatiOQ of the wax to the 
old convas, followed by a thorough ironiiig until, upon turning the picture 
over, the wax is observed to have come through the cracks of the old painting 
and to hare soaked into the protecting paper. The new linen is then laid on 
and given just enough ironing to croete a perfect and uniform bond between 
it and the softened adhesive wax. 

The use of any appredtble amount of turpentine in wax adhesive is un¬ 
wise; it will produce a salve effect like that of floor wax, with the result that 
the coating will be too tender, and the paciure too susceptible to denting 
from minor contacts. For smoothing the wax on the mounted canvases, one 
may use electric irons of various weights, from the heaviest sort as used in 
glue relining, to those of smallest site, such as the rectangular irons and the 
tacking-iron sold for the mounting of photographs. 

The purpose of ironing a wax-mounted canvas is to bring it to a smooth 
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leral conditio^ and to impregnate as mudi of the entire structure « poanble 
with wax. Sometimes olwunete spots may be Oaitened by a careful applica- 
tion of spot pressure, as described under Patching. 

Transferring 

Some conditioni of struccuna decay cannot be rectified by relining, but 

bv their nature require the remoTsl of the paint film from its cOd suppon and 

the remounting of it upon an entirely new support; the most approved pro* 

cedure is to use the same type of support as that originaUy used, unless some 

complex condition requires a change. In reconditioning a very decayed 
painting, the restorer must deiennine for himself whether tptnsfemng is 

rMuired, OT whether relining will suffice. 

The removal of the p^t film from the ground, or of the pami film to- 
eeiher with the ground from the support, is a delicate and painsukxng 
operation; yet it is not always «> desperate or dangerous a measure as is 
popularly supposed. All conaerration procmeas, even the mo« lunple, de- 
^nd of the operator the same skill and expert cere; transferring diSoK from 
the others only in requiring e greater amount of lime and painftakiag effort. 

Among the paintings so handlad in the past are many waU-known early 
Italian works which ware transferred from panels to canvases in the 
aiffhusnth century after being brought to Paris. 

The first procedure is to paste a sheet of plain newsprint paper over the 
lurfSHM exactly as in the refining of decrepit or fiaking oil paintings. Strong 
flour or starch piste is used; it may be brushed on the paure u well as over 
the pap*; should the paper become ecddentally tom to a minor extent during 
application, it may be patched with a bit of pesie.»aked paper; after the 
patch is dry a light sandpapering will remove the bump. Irragularitiea such as 
wriaUas (which a skilful operator will avoid) end overUpiitig of aheets may 
Ukewise be made smooth by a few rubs with fine sandpaper, after the paste 
has become thoroughly d^. Other amterials have been recommended by 
various writers: layer on layer of tissue pepar until a sort of cardboard has 
bean built up; musUnor mosquito netting as either a first, intermediate, or 
last layer, with tissue paper; cartridge peper; and Laminated cardbcerd. Some 
special papers are used by profestioDal reeiorers. The main requirementa for 
a paper for thia poipose are that it should be of such a nature that it will 
serve as an adequate bond and protection for the paint film and not present 
too much reristance to removal at the and of the process, The newsprint 
paper referred to should be of oidinary qua%; h is widely available in 50- 
pound rolls about 40 inches wide. 

After the paste has dried thoroughly and completely, the canvu is cut 
from the frame; if it were cut from the frame before pasting, it would buckle 
and curl up during the drying of the paste. There is even some likelihood of 
this occurring after the drying, and the careful restorer will guard against 
this. He may handle a small picture as it is cut from the frame, or he may 
reinforce it by stiffening the edges; if the paper was made i inch or more 
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larger than the painting all the way aronnd, strong kraft or gummed paper 
strips may be pasted to this margin and folded under to make a sort of 
marginal frame. The picture may also be held flat, face down on the table or 
drawing board, by the use of gummed strips on this margin, or by weights. 

Howeyer, the most conreoient and sife method of handling the picture 
is the following, which is based on an account by Dr. F. Schmidt-Degener of 
the Ryksmuseum, Amsterdam.* The procedure described in the original 
account is the remoral of an old glue relining and its replacement with a new 
piece of linen attached by the wax-resin mixture referred to under Reizningf 
but the method outlined is also well adapted to the entire remoral of the old 
canras- The picture is first cut from its stretcher and four strip of heayy 
kraft paper about 10 inches wide or more, depending upon the size of the 
picture, are pasted along each of its edges not more than an inch in, on the 
face of the canvas. These strip are then pasted securely to a flat wooden 
frame made large enough so that there is a margin of 7 or 8 inches all around, 
between the canvas and the frame. The strip are then soaked with water 
and allowed to dry overnight, after which, if the work has been properly 
done, the paper will have stretched tight and the old canvas will be held in a 
taut, flat condition. (I have also used a angle large sheet of kraft paper irith 
the pcture shape cut otrt of its centre and squares cut out of its comers where 
it folds over the comers of the frame.) The face of the painting is then pro¬ 
tected by psting over it squares of tissue paper overlapping each other by 
more than ^ inch. (A ringle sheet of newsprint paper may also be iised 
successfully.) When the paper has dried, the picture, thus mounted, is laid 
face down on a table and held rigid by iron weights on the corners of the frame. 

The removal of the old canvas is accomjjished by dampning it with a 
sponge, whereupon the linen, which is usually isolated from the ground by a 
layer of glue size, will become detached and may be carefully peled up. 
safe removal of the linen calls for patience and skill gained by experience^ in 
many cases knives, abrasives, sponges, etc., must be used. After the canvas 
has been removed, exposing the ba^ side of the ground, all traces of the old 
sizing must be scraped away from the ground. In a case of the removal of an 
old reiining, a relatively thick coating of old glue must be removed} the 
account referred to recommends that equal tension be maintained on the old 
canvas by dividing it into squares end removing the glue with damp sponges 
and rounded knives in alternate squares, so that when the work is half 
finished it will present a checkerboard effect. The moistening of old canvases 
without these precautions of stretching, pasting, and gradual, uniform appli¬ 
cation of the water, is most liable to lead to damages to the painring through 
the too sudden shrinkage of the linen. 

The new linen is mounted on a temporary stretcher just small enough to 
fit within the wooden frame upn which the old picture is mounted, and 
cemented to the back of the old picture in the manner of the reiining process, 
The type cf adhesive in each case is to be chosen acco r ding to the require^ 
ments of the work and the experience of the worker. The last operations are 
* The Musfums Journal. Vol. 32, pp. 86—87. L^odon, 1932. 
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the cutting of the paper frame and the careful removal of the news- 
print or tissue with warm water and sponges, an operatioa which is not so 
difficult as it is tedious. A number of sheets of jdywood or Presdwood cut to 
the proper ^es will ud in presang and other operations, as previously 
described. 

Pictures are similarly remored &om wood panels by pasting a rather 
heavy protective layer over the snrface and redudng the thickness of the 
panel to the thinnest sort d film, wluch can then be scraped away from the 
ground. The thickness is reduced by planing or by the use of a machine saw 
which can be set so that its penetration is limited. The back of the picture is 
crisscroased with saw cuts, which are made as deep as is deemed safe, and then 
the squares are knocked out with a chisel. Murals have been safely trans¬ 
ferred from plaster and masonry walls by laboriously chip^^ng away the 
support from behind with a chisel. Somerimes such a ^cture, with its 
pasted gauaa and paper pratection, is rolled directly on to a large cylinder as 
it is separated from the wall, and is carried to a studio for complete removal 
of the adherent wall fragments, and for relioing and repairing. 

Patching 

Small punctures and larger tean may be repaired by applying individual 
patches behind them, provided the pamtmg ^ otherwise in good condition. 
The idhenve used is either of the wax-reon or of the aqueous glue type. The 
former is the easer to apply{i| is leas likely to make a mark on the face of the 
paintug at the edges of the patch, and is more in accordance with the most 
approved modern pracdce. Also, it is more easily removed, if this should sub¬ 
sequently be necessary for any reason. The glue patchm are more useful 
w^n the tear ii accompanied by any considarable amount of wrinkling, 
buckling, or pulling of the threads, beoiuse the dampening of the canvas and 
subsequent application of pressure is more effective than the other pro¬ 
cedure in c o rrecting such defects^ but when the buckling is not too pro- 
noiuced the wax patches will elm eccomplish this purpose. Most patched 
spots will require filling in, as described on pege $49. 

The damaged canves is laid flat and the edges of the tear fitted together; 
all overlapping threads or fibres, especially those which have a tendency to 
protrude upward, are trimmed with a ahiii^ blade. A patch is cut from pre¬ 
pared oil canvas, and coated on the {aimed aide with the wax-rerin compound 
mentioned on page 55 7, placed behind the damage, and carefully preesed 
flat with a warm, not hot, iron. The heat and pressure should be just suf- 
Hdent to create a flat level condition; too much wilJ cause the wax to run in 
an irregular manner; too little will not allow it to penetrate and adhere per¬ 
manently to the fabric. Some of the wax may appear around the outside of 
the patch; if it doaa, it should appear evenly all around; if desired, it can be 
neatly scraped or cut away after it hardens. The layer of wax should be fairly 
thick. A rubber roller may sometiiues be found useful in making such 
patches flat. 
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Before the w« has become entirely herd, weights or sHght damn nrea- 
sure may be epplied to the patch in order to assure a flat lerel surfaM^ it 
seems neceesaryj not so much preamre should be used that the wax is forced 
out. 

These operations are performed with the painting lying on a smooth 
tables tor mampulations which require work on the face of the pictare, the 
canvas should be supported from behind with several sheets of wdiboard 
or a piece of wailboard resting on blocb, etc., as noted j^eriously. The excess 
wax which fills the cavity should be carefully scraped out as thoroughly as 
^ble, and tha damaged spot or sUt fiUed in and touched up vtith paint, as 
de^bed farUier on. This type of patch can be pulled off with the fingers 
quite easily^ it is a good idea to make it round or oval, to that the danger of 
ecadentalpuJIingupofcomeisismiiumiaed- 

Sometimes when paintings have been patched with the wa* adhesive, 
pressure appUed to the face of the picture in handling it during the sub¬ 
sequent fUling in, repainting, or other finishing operations, Is suffideni to 
make the edges of the jwtch show through on the face of the jscturs^ even 
the ironing may have t^ effect. To guard agaion this, I have used a method 
whereby the patch is incompletely cut out of a much lanrar nece of canvas 
thus; * ' ' 



The patch is applied in the manner previously deecribed and the entire 
square of canvas is allowed to remaiji until the job is cosij^etely finished, 
when the tiny connections A and B are cut with a keen blade and the lorplus 
pieces puUed off. Bigger patches may have more than two of these points if 
desired. The square should be larger than the iron or at least large enough to 
bear careful pressure of the iron without its edges becoming imprinted on the 
face of the picture. The wax adhesire is applied to the patch and the corre¬ 
sponding area of the original canvas only; the ironing may cause some of it 
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to e^de under the surplus cenTas, but this does xtoi preTont peeling of? 
of the Utter, and the eztes wax may be neatly cleaned away later. 

Pressure may be applied to patches of any kind by the following method; 
carefully round or berel the edgea of square peces or scrips of Presdwood so 
that th^ edges wiS not be imjaessed on the canvas^ place one of the pieces 
on each dde of the patched spot, over a pdece of wood of somewhat 
smaller area (if aqueous glue has been used, shp a piece of waxed paper under 
each piece of Presdwood to prerent it from sticking) ^ hold the arrangement 
in place with a screw or spring damp. If the patch is far from the edge of the 
picture and only damps art aTiilable, an arrangement of wooden bars 
and blocks with damps at either end can be improvised. 

Glu9 Poiches. The lag dtsadvantage of this method as compared 
with the preceding one which employs a wax adhedve is that the more 
powerfully adhesive glue will almost always pull or pucker the canvas around 
the patch, and make an irregulairty which is dearly seen on the face of the 
picture. 

Instead of prepared canvas, square or oblong psecas of plain linen are used, 
and a few strands are pulled out along each side. If the ravelled ddes are 
kept as straight and smooth as possible, the effect is ihit of a bevelled edge 
which has less teoden^ to imptess its design on the face of the ]Mture than 
a sharpy trimmed edge. 

The linen is eppW with hot glue of the type used in relimngi the mix¬ 
ture may be thinned down somewhat with water, leaving it strong enough 
to supply permanent adhedoo but not eo strong that it has t puckering effect 
on the canvas. This is sot a ample matter and requires eome experience and 
pdgment. Some writers recommend light-weight muslin or gauae for this 
purpose, but old pkturee petcbed with theee materials and glue often show 
the same kind of pucker oe peich mark as is produced by linen and glue. 

^OMn or MssA FmoW. Nail punctures and dmilar small holes or slits 
may be patched by weaving a few strands ol linen together, laying them over 
the back of the tear (Scotch tape will asdst), and impregnating them with 
glue^ when the glue has set partially, it is covered with a fttsce of waxed 
paper{ rather mild pressure is applied with a clamp thirty-six hours or so, in 
the manner previously described. Fish glue, slightly thinned with water, 
seems to be satisfactory for such patches. They are inconspicuous in a|h 
pearance and do not af^ the fac* of the {dcture. Even on Itiger holes and 
tears, when there is not too great a space, I find that these patches, because 
of their open-mesh structure, bold jdugs firmly and do not cause wrinkling. 
The wetting with glne and subsequent jaessing will flacteo puckered or 
wrinkled tears more successfully than will the wax-redn method. Too much 
pressiu^ may produce an impression of the woven threads on the surface. 
Other more intricate methods, which include weaving in strands of linen, 
are practized by expert restorersi they call for considerable skill, patience, and 
ingenuity. 

The wax-rerin patches are the eariest ones for the non-professional re¬ 
storer to use, as in the case when an artist must mend a tear in one of his own 
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of sticking oa muslin or gauze patches with shellac, 
powdered resins, etc., hare been more or less discarded, as they lend to give 
brittle, non-permaneiii, or blistery results. 

Blisters and semi-deUched pieces of paint may he glued down and pressed, 
i^lus can he inserted under them. Such operationi call for some practice and 
am. A hypodermic syringe is often useful for inserting the ^ue behind 
blisters and other raised areas; in this case it is necessary to make a small 
hole by puncturing the film with a solid needle before inserting the hollow 
needle. It is sometimes recommended that these spots should first be 
sofUned with solvents, but this procedure is not always useful. The impreg¬ 
nation of a loosened surface by flooding it with gum, rean-vamishes, or oil, 
is likewise of doubtful value, eacepc in some unusually complex cases. 

Because of the difference in textural end colour effects between fresh 
repairs and old surfaces, aU repairs such as patching, ralining, and filling-in 
be followed by cleaning and revarmshing operations whether or not tha 
original surface condition of the pacture was poor enough to have required 
such treatment had tha structural defect not been present. 


Qeaning Painting;s 

Removal op Old Varkisk 

The removal of old varnish by dissolving it and washing it away is not, 
according to universal oponion, to be earned to the jrat where the painting 
is danuded of evaiy trace of its protective coaling, because this is liable to 
result in tha condition which the restorers call skinned. A painting so scoured 
preaents the characteristic appearance of having had a minute amount of its 
surface peeled off; delicate tones, glazes, and lines are often partially or com- 
pleisly destroyad; points of white or palenxloured ground or underpalnting 
will ihow up in a sort of granular or stipple effect over Urge areas, and the 
entire colour effea may be altered so as to appear clouded. It is desirable, 
therefore, to proceed with the solvent under such control that a minute 
amount of the original varttisb, made thoroughly uniform and dilute by the 
solvent, will be left. This can be done if the solvent is correctly applied; the 
surface will appear thoroughly clean, yet a very small trace of varnish vrill 
remain upon it. Among profasrional restorers, the operation of removing the 
veraish from a picture is called strippiug. 

The standard method of removing varnish from a by use of 

solvents is to apply the materials with small wads of absorbent cotton such as 
is sold in chemists’. This cotton is not only safe so far as abrading or tearing 
up delicate surfaces is concerned, but it also applies the solvent in e con¬ 
trolled manner and reabsorbs and holds in the greater amount of the dis¬ 
solved material. Its whiteness and purity make posnbla a close observation 
and control of the amount of film being removed. The best grades, put out 
by the well-known makeiv of surgical dressings, bare long fibres and are 
most satisfactory because they are free from the fuzzy lint of the cheaper 
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grtdesf but the cheaper gradea sold In on^poimd rnlh under the name of 
hosptal cotton are also adequate, and often seem to be more absorbent than 
the more expensiTe Tariades. 

In describing the usual method, we will assume that we have an ayerage, 
weD-painted portrait about a hundred jaara old, corered with a ftim of old 
varnish which has turned a darh brown colour and which is encrusted with 
accumulated dirt that seems to hare become occluded into the film. 

If the picture has been rehoed and is sdil on its temporary stretcher, it Is 
laid upon the supporting boards mendoued on page 533} if it is on its per¬ 
manent stretcher, cardboards must be stuck under the canvas and made rigid 
by being supported with blocks or boards of the proper height to fit between 
them and the table. This is to preclude undue flection of the canvas and to 
prevent the worker’s bending the cures over the inner edge of the stretcher, 
which would resxdt in marks or cracks. Under no circumstancds should 
^uras be cleaned with solvents in other thu a horizontal position. The 
surface grime is first removed with baits of conoo which have been dipped 
into a non-aqueous liquid that has little or no solvent effect on the varnish, 
sxich as tujrpentint, mineral spent, or solvent naphtha. The cotton should be 
well squeezed out so that it is |ust moist. This preliminary operation is not 
absolutely essential, but a heavy superficial maiin g q£ blad^ dust oftsn 
obscures the colour of the varnish and interferM with one's judgment of the 
progress of cleaning. Ke3rt, the solvent is selected according to the judgment 
and axperience of the renorer, or after preliminary trials at tha edge of the 
picture. Suppose a mixture of five parts of alcoh^ three pans of turpentine, 
end one pan of ethyl acetate is chosen: tn ounce or two is poured into a 
suitable vessel and a wad of cotton is dipped into this and rather well 
squsezed out. The wad should then be compact and not oiore than about an 
inch and one-fourth in diameter, or small enough to be conveniently held 
and controlled between the thumb and two fingers. It is applied with a circu¬ 
lar or back-and-fonh motioa, care being taken to keep the strokes small and 
to complete the removal of vanush to the desired extent before moving on to 
the next ares. The rubbang face of the wad is condnuiUy examined for any 
traces of colour, and should tha greenish, yellowish, or brownish colour of the 
removed varnish show any marked change, or should there be any other 
indicetione that traces of colour are beginning or about to be removed, the 
action is inmediately halted by application of turpentine} an open container 
of turpentine end a well-soaked cotton wad are kept available for the purpose. 
The action may sometimes be more cloaely controlled by continual alternate 
applications of turpentine and cleaning scdveni, one wad of cotton for each 
held in either hand. 

When the face erf the cotton bas become saturated with vamiah, it will 
neither distribute further solvent nor absorb more in tha correct way, and it 
is turned around so as to present a fresh nuface; one may usually use three 
sides of a wad, then tear it open and get one more useful surface from the 
interior. The used balls of cotton should be thrown into a container dis¬ 

posed of as soon as the work is over. 
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When small $pot« of Tamish of a greater thickness than the r«i of the 
coaimg after the bulk of the surface ia perfecUj dean, or when such 

spots are found to be drops and spatters of a lett soluble material it is always 
dangerous to attempt their removal by continued scrubbing with the solvent, 
because the dean areas surrounding them are most likely to be skinned, 
every trace of varmsh bang removed. The paint film in those areas, if not 
actually picked up, will then be axpoeedtothe danger of becoming weakened, 
^ened, or titered in colour value by the continued action of the solvent, 
1 he Mmoral <rf such spots is best eceomplished with the knife, in the way in 
which fly-specks, spatien, and freckles are xemcved, (See page 5+8.) 

^ rolatUe solvent or mucture of solvents will Sntain no water: 
if ordinary alcohol or a mbnure which coutaim it be compared in practical 
use wife a solvent which contains anhydrous alcohol, it will be found that in 
many instances the surface of an old col painting will be bloomed or whitened 
by the solvent which contains a little moisture, and that it will not be so 
affected by the anhydrous solvent. It is posribU that tha water content of 
some alcohols will be great enough to produce all the undedrable and harm¬ 
ful effects which follow the tppUcetion of water to an old, a^cked oil paint¬ 
ing. The anhydrous denatured alcohols described on pages 267 and 45& sre 
mi^ble with turpeniiiw. Anhydrous alcobd, ethyl weute, turpentine, 
xylol (or toluol), and mixturea of tbesa solvents are suffident to carry on 
most i^ure deaning manipulations; acetone and some of the other more 
powerful or special materials are useful in spedal cases. As mentioned under 
f'oianZa SoivtnUf the prindples underlying solvent action and the behaviour 
of mixed solvents are rether complex; the properties of the different solvents 
19 best learned by experiment. There does not seen to be any general rule 
or test for determining which solvent or coocentretion ia best is any given 
instance; the worker must be guided by experience end by the results of 
careful preliminary trials. 

Areas of paint composed of lead pigments which hare become darkened 
by the action of sulphur-beering fumes from a polluted atmosphere css 
usuiUy be restored to their originel colour by the application of hydrogen 
peroxide with a cotton wad. This reaction has been known since the early 
nineteenth century, when hydrogen peroxide wee tint obtainable. 

Castor oil has been recommended for retarding and controlling the action 
of solvents, especially alcohol, on a painting; and according to Laurie*^ an 
undesirable absorption of alcobd by the peim film is thereby diminished. He 
recommends coating the pacture with the oil and applying a mixture of 
alcohol and solvent into this vrith a soft brush, having more castor oil 
available to retard the atti o n if it becomes necessary. He does not approve of 
the 'harsh and wholesale’ absorbent cotton. 

Castor oil serves another purpose in the removal of varnishes and re* 
paints. One of the most successful pamt-remover patents em^oys a waxy 
material dissolved in the volatile solvents. The wax not only holds ^e solvent 
in place so that it will not flow from vertical surfaces so eerily, but it also 
keeps the solvent in contact with the paint or varnish for a longer time than 
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if the solyeat^e eraporatiozi were unhampered. It ie occaaonaUy necessary to 
apply the sirottgest posable solTont actioa to «i intrecuble painfmg > an 
addltLon of castor oil, 26% or less, will soioedmes increase the solvent action 
of alcohol, apparently by bolding it on the surface for a longer time. A waz 
salve made by thinmpg molten besewix or parafiia with turpentine may also 
be used as a base for solvents. 

If castor has been used in the of « painting, every veedge of 

its oilinese must be rinsed off with repeated applications of solvents, because 
it is an entirely non^drying substance, and paint or varnisb applied over a 
trace of it may remain sticl^ for months. A disadvantage in its use on old 
paintings is the difficulty of removing it entirely from deep cracks and 
the canvas under the cracks^ in my opinson, its use in general is rather 
unwise. 

Soap and other powerfully detergent chemicals are ordinarily taboo in the 
cleaning of |dctures. In the pest, pure, neutral soaps have sometimes been 
recommended for perfectly intact, uncyacked surfaces, but th^ use is never 
really safe, espedally in the hands of an inexperienced worker. 

The experienced restorer can often meke good use of cleaning materials 
and methods vthich would be dangerous in unskilled hands, and there are, as 
has been previously noted, excapoons to the general rules and prohibitions, 
particularly in the case of such expert workers. The use of soap solutions by 
persona of limited experience b perhaps the cause of more injuriee to old 
paintings than b any other pocedure{ although piauras may somstimes be 
cleaned successfully by thu method, the number of old paintings which have 
suffered damage from it b quite lai^. The only alkali which hw been given 
any sort of approval b ammonia, which b volatile and leaves no residue^ its 
action, however, may sometimes be daatructive so far as the Bfe of tlie paint 
him b concerned, and it u not to ba used eimapt in very special cases and by 
experts. Lauria** quotas a redpe of Dutch <Migin for a cleaning agent made 
by trening copaiba balsam with ammonia, adding the latter drop by drop 
with Gontinuoui shaking until the mixture becomes clear and has a faintly 
ammomacal odour. This combination b a powerful solvent, but its action may 
be controUed to some degree and b immediately arrested by an application 
turpentine or kerosene. It works wdl, without apparent harm to old paint 
films. Saponin or powdered soaptree Iwk, which f^rnf «nd duplicates part 
of tbe action of a soap solution without any of its dangers to the paint Him, 
has also been recommended. Its value for delicate surfaces u well knovvn and 
there are no objections to its use in ginning pictures other than those which 
apply to water slone. 

Pattenko^ir Mtthod. Some cracked, dead>looki&g, or otherwbs deteri^ 
rated vamUh fflms may he ‘regenerated' by exposing them to the action of 
alcohol vapours, which cause the surface fflm (especially when it b mastic 
varnish) to coalesce and appear as though it were in it* original state. Ths 
process is named for its inventor, Pertenkoffer, and was in considerable 
favour during the nineteenth cenrury, but because the varnish tends to 
raven to its former bad condition upon further ageing, and in some cases to 
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become eren worse, the meihod lias more or laes fallen into disrepute. The 
fumes hare a slightly nmilar effect when apjJied to a reeinous or bitununous 
painting which contains wide tracdoo fissures, bul hardly enough to be of 
much ^acucal Tilue in the restoration of such picium. Liberal application 
of copaiba balsam to the surface aaosts and imj^ores the Pettenkoffer process. 
The procedure is best carried out by laying the picture face up in a shallow 
box made of sheet metal, to which a well-fitting lid is applied. The M is Uned 
with abeorhant cotton held in place with wire screening, and the cotton is well 
eoaied with alcohol, but not to such an extent that it will drip. 

In practice, the process is ordinarily less deurtble than the procedure it 
was designed to supplant, namely, the remoral and replacement of old 
varnish, The action of fumes of akobol and other volatile solvents can, how¬ 
ever, be useful as an intermediate stage in some complex restoration 
processes. 

Rapanu. It is not always possible or desirable to preserve repainted areas 
or former restorations when cleening an old paindag with solvents j they ape 
usually removed and, if necessary, replaced. 

After the painting is cleaned, it is allowed to djy until it is free from 
tackiness; any necessary patches v fillings are mede, and before these are 
repainted the entire picture is given the thinnest sort of coeting of damar or 
retouch varnish that wiU produce a uniform gloss. The colouie are thereby 
brought out in their final effect eo that the repaints may be made accurately. 
Whan flat (mat) varnishes are used, they will occanonally seem to discolour 
the repaints unless these are first isolated with a very thin protective coat of 
glossy varnish. Some workers recommend coating all repaints with a thin 
isolating varnish which is insoluble in the solvent used in the finishing 
varnish; others condemn the use of any such intermediate varnishes, and 
bring out the tonaa for repainting by applying copaiba balsam considerably 
diluted with turpentine, a very thin Uryv of whi^ is generslly contidered 
witliout harmful efiea on the structure of the complete film. subject is 
continued on page 55 1 . 


Clhanino Paintings without Solvints 

The cleaning of paintings with solvents may be inadvisable or impracti¬ 
cal in many instancee, and methods are resorted to that may be clastified as 
mechanical as distinguished from those uang solvent action. 

The older books on the subjea describe an abranon or attrition method 
for removing films of vamisb (particularly mastic), which consists in crush¬ 
ing a bit of mastic, damar, or rosin, and rubbing it with a thumb or finger-tip 
(protected by a piece of gold-beaters’ membrane) into the varnish film. The 
powdered mastic acts as a starter, the rubbing is done firmly and in small 
circles, and the varnish will continue to dust up and be removed. This 
procedure is practical only on vrorks of the most level smoothness; the 
grooves and pits of brushstrokes, canvas weaves, etc., will mostly remain un¬ 
touched. The method is no longer widely used. 
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Use <>f Kmi>«s. lo inaxij cases tbs use of a Iccife or scalpel is the safest and 
best waj* to remore Tarxnsbes and overpeiatings, espedallj &om complex 
or delicate pamdogs. It is pardcularij effecdre when it is necessary to re> 
moye heavy repaints in dl or tempera from a delicate surface. The type of 
knife designated No. 1 in the accompanying drawing is best for general use in 
the remoTal of Tarnish; the blade, though grnull^ u rather heavy. It is, 
however, necessary irsf complete practice to have an assortment of lighter 
blades for various coniinge&des, and instruments for spedal needs; these can 
bo found among surgeons' instruments; they can be altered or ground down 
to serve various purposes. Modem scalpels with thin replaceable blades 
are not always good for this purpose, as the bUdas do not have suMcient 
weight. 



Obviously, considerable experience and practice ere necessary to gain ex* 
pert control over such mampulecions^ Although the method ie slow and 
tsdious compered with the use of solvents, veiy precise work may be done; 
hlms of Tarnish and paint can be taken off without disturUng delicate glazes 
or scumblisgs, and dirt or varnish may be safely removed from the most 
intricate surface iiregtderitiae. Even e fraction cd e fiini may be removed, 
and the depth of screpng is at ell times entirely under control. For the re¬ 
moval of maculae and small, thick areas of varnish from an otherwise dean 
surface, this method is the only satisfactory one. 

When it is used a person of limit*^ experience, the errors which are 
likely to ensue will usually be much lees serious in extent and nature and 
much more easily corrected than those caused by so inexpert use of solvents. 
The blades must be constantly sharpened on an Arkansas oil stone during 
their use. The sweping is ordinarily done dry; an occasioaal wiping of the 
picture with cotton moistened with a liquid inert to the materials being 
worked on will bring out the colours, if desired. In some spedal instances it 
may be advisable to soften a heavy, oily costing with solvent before using the 
knife. 
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Mould (Mildew) 

Exposure to strong sualighl (or ultraTiolet light) and fresh air tisually 
destroys tad «ofe the growth of mould on fabrics. Provided a paintiag will 
^thsi^d a cauUous apj^tioa of water, mould may usually be removed 
from its surface by rubHng with abaorbent cotton moistened with a 10% 
solution of magnesium fluosilicate (alica-fluoride), rinsing off the solution 
afterward with cotton moistened with disdlled water. This method vrill 
leave a minute amouxrt of the chemical on the surface, which will guard 
against the recurrence of mould. Make sure the tubnance is reaUy mould by 
examming it with a microscope or magnifying glass, because whitened 
varnish or oil and oysiallized or powdered salts ere often mistaken for it. 
Some other fungiddas are mentioned under Prtservaav^. 

Mould is a kind of fungus, the spores of which thrire on siaed fabrics, 
glue, paint films, wood, etc., and once it flou^hes, it will spread to adjacent 
surfaces of nearly any nature. Mould begins as a while, feathery growth, 
developing quickly into a denser and more or lew coloured substance, de¬ 
pending upon its spedes- The commonew types are PemaUiumy usually green, 
and Asp^rtiUui, usually black or blackisb, but many other varieties also 
occur. Various materials will grow certain types more rapidly than others. 

The growth of fungi is encouraged by warm, humid, dark surroundings, 
and occurs mo« fr^uently on pamiinp which bava been boxed and «ored 
in the hold of a ship. It also flourishes in hquid paints, aqueous solutions of 
gums, ate. Mould should not be confused with bacteria. 


FlLUNG IN HOLt$ AND TEAKS 

After a painting has been relined and cleaned, or a damaged spot backed 
up with a patch, the holes, sUts end Qaked areas must be filled up level with 
the surface. In England this process is called stoppiog. Two general types of 
plutic matarial are in use, an aqueous glue plaster of the order of gesso, and 
a linseed oil-whiting mixture similar to comcaon putty. The use of com- 
merdally prepared crack-fillers (both thoee sold as plasiice with a varnish 
base, and the dry powders intended to be mixed with water) is inadvisable, 
not only because of thrir doubtful componcion but, chiefly, because of their 
extreme hardness when dry. In general, materials which diy to a very hard 
consistency are not so good ei thoee which are somewhat softer than the 
surrounding paint film} they seem to be leas permanently adhesive and more 
liable to crack. 

Another method of filling in places where the canvas is missing is to pro¬ 
cure a paece of canvas of identical weave, lay it face up beneath the damaged 
spot, and with a keen, pointed blade cut around the tear or hole, just trim¬ 
ming off its edges, and at the same time cutting through the new piece of 
canvas. This will produce a patch or canvas plug whJ^ will fit ^e hole 
exactly. Such plugs must be used at the time when the patch or relining is 
applied. Great care and dexterity are necessary to get go^ results with 
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metho&i the weave of the patch mu«t line ap ttxuntelj with the weave of 
the original canvas. 

If a flawlees job is desired, every spot where the paint or ground has be¬ 
come detached from otherwise intact canvas must be filled in before re¬ 
painting, but in ordinary cases, snperfidal scratches and minor flakings are 
often touched up without first being filled in. 

Plamc Gwo. Dissolve ^ ouiKe of casein in 5} fluid ounces of water, ac¬ 
cording to any of the instrucoons under Cctein Solutions^ Emulsify with f 
fluid oiuica of damar vanish by shaking together in a bottle; mix to the 
stiflsst posnble parte with whiting or A ilk as required, uang a spatula or 
rtifi palette knife on the rubMog slab. Other glue and casein gesso formulas 
may be used, with or without oil or vaniish additions, according to the user’s 
preferences, so long as they ere made in the stifiesi possible form with as 
little water as poesible to miniimre shrinkage, and so long as they comply 
with other obvious requirements, li it not advissble to use plastics which are 
deliberately formulated to give a oeckled eJTecs; if such imitation of the 
defects of the pdcture is required, it is best produced by cerving with a needle 
or by other ardfidsl means. Pigments may be added to the whiting if it is 
desired to match any special cohw. 

Imimion of Ttiurt. When the gesso plug is nearly dry and almost 
completely sat, soft enough to receive impcesaoos but firm enough so chat 
pressure will not pick it up, a piece of cloth or canvas which matches or 
closely approximates the weave of the origtoal canvas is pressed upon it in 
order that the texture of the repaired spot will be the same as that of the sur¬ 
rounding parts of the peinting. Restorers can ssve for this purpose scraps from 
the edges of canvases they have relined, and sometimes one is able to steal 
a small scrap from ths edge of the stretcher without harm. 

All attempts to match weaves and textures require great care. Even a 
fairly smooth picture will require some roughening of a gesso plug to prevent 
a slick shininesa. It may be pointed out that pressure of cloth produces a 
reverse or negative of its weave which socnetimea appears vary diflarent 
from the surrounding area. 

Pkxwe Putty. Rub stand oil with whiting or rhAiy to a stiff paste with a 
spatula, then knead in more chalk by hand, rolling the putty between the 
palms; this is a rather ftkky job at the start, but with a little prsciice one can 
do it efficiently, using dry chalk as a baker uses flour- The rolling warms the 
mass end softens it so that more chalk can be folded in until the mess be¬ 
comes less sticky; finally, the stiffen smt of putty is produced. If desired, a 
few drops of syrupy cobalt linoleau added to the will make this material 
dry more rapidly. 

One of the heavy while pigments (tine or titanium) should be added to 
the chalk in sufficieat amount to produce an opaque colour; also, any pigment 
or mixture of jrigmenu may be added to produce useful shades. The bulk of 
the filler, however, should he chalk or whiling, which reacts definitely with 
the oil to form a putty-like mass, and which also imparts a desirable lerture- 
The pane may be moulded into conveniently shaped meces and kept in 
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tight jw? the wpiniled skin which forma on the «irface b peeled off before 
use. There b no danger that euch verinkling will occur in the smell and 
comp^UToly thin layers in which the putty b used on picturee. This 
matenai is to he employed where more flcdbili^ b required than the gesso 
plug presents, ^eas weares may be impainiod upon it the same as upon the 
gesso plugsi thb may be done a« soon ais the putty b smoothed. Whiting or 
other pigment may he dusted on the putty with the finger to preTent it from 
adhenng to the doth, should thb he found necessary. Picture putty may be 

applied orer a first layer of gmeo, if deored. ^ j j 

ManipuUitiotu. The manipulations inyolTed in the stoppage or filling in 
^lacunae, may be fadlitated by the use of a good many iyp« of instruments- 
Doenier** recommends kneading a plastic putty into tiny pilb and rolls and 
pressing them in with the lingers, allowing them to sat partially and then 
wiping off the excess with a well-wrung cloth which hu been dipped into 
copaiba balsam thinned with turpentine- All traces of excoM putty are to he 
removed from the surrounding parts at once. Tha area u also to he slighUy 
mobtened with the belsam mixture before the plastic b lued. ^ ^ 

I find that certain small blades and surgical instruments are invaluable 
for this sort of work—particularly the anguUr kerecome, an eya instrument 
which IS, m affect, a miniature triangular trowel set at an angle at the end of 
a thin handle (No. 5 on page 548). It b made in three sizes, the smallest of 
which u the mo« useful. Thb instrument should be of the bast tempered 
Keel, and before it can be used the two edges ©f the blade, espedaUy the 
left-hand one, must be ground and sharpened to a keen cutting edge, all or 
most of the bevelling to be done on the side in order not to imerfere with 
the flat, trowel-like undersurface. Any type of plastic material may ba ap¬ 
plied with thb, pressed and worked into tha spaces, smoothed, and then, 
provided the edge b keen, sliced off level with the paint film while it b still 
in a plastic state. The innrument has been described in so much dauQ be¬ 
cause it serves a number of other useful purposes in the Kudio or workshop. 
The smoothing of a sticky or tacky meurial with palette knife or any oihL 
flat msmiment b often made easy by dipping the blade in some liquid: 
water, alcohol, or the copaiba mixture. 


Repainting 

Before touching up tha blank areas of geaao patches, Uicm highly ab¬ 
sorbent spots muK be treated with very thin shellac carefully applied with a 
finely pointed brush until the surface shows an incipient gloss; otherwbe the 
absorbent dull spot will persbi after repainting and even after the vambhing 
of the piaure. Applying the shellac before the jJug b thoroughly dry may 
cause it to crack- If tempera repaints are used to touch up such spoia in an oil 
painting, they should be sized with damar in order to give them the same 
redstance to absorption of varnish as the rest of the picture has. The oil- 
putty type of plug does not require thb treatment 

Obviously the new painting material muK EK^t turn yellow or rather it 
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should accompany the rest of die paint film in such changes as are likely to 
take place, and here the restorer must judge for himself. An arerage, fairly 
new oil pflinti ng may be matched in thl& respect by squeezing: c^urs on 
to unglared paper which will absorb the oil, and than mixing them 

with one of the glaze mediums (page 162). When tempera colours are used, 
there will be little or no change with time, but the restorer must know exactly 
how the colour is going to match when dry. Some restorers paint one ap¬ 
proximate coat in tempera and a second or glazing coat with dry colours 
mixed with non-yellowing glaze medium. A great many methods suggest 
themselres. 

A patch can seldom be made to match with one coat, even when this is 
stippled on carefully so as not to run over the edges, because of the difference 
in the cobur of the grounds, and other optical circumstances. If the colour is 
first matched approzimaiely, preferably keeping on the light side, it will 
generally be found that a second coat can be made to matdi the picture 
exactly. Soma of the manipulations deecribed under Olatin^ are us^ul for 
this work. 


In all operationi of the type just discuesed, the object of the restoration 
must be t^n into account Curetore of valuabla collections sometimes 
desire the restoration to be unnodceabla when the picture is viewed in the 
ordinary manner and at the same tine easUy diitmguisbed from the original 
work when examined doeely ^ in other casee the blemiibee are required to be 
entirely concealed. Repaints are also mentioned on pages 350 and S4f. 

InstruaivM. Some writers on the conservatioa and restoration 
of paintings are given to making sutements which are more or lees true in 
a general way, but which may be wrongly iatarpreted and often lead to 

A good many Mlvenu and mixtuiei have been recommended as materials 
which will dissolve and remove the varnish and dirt from old paintings with¬ 
out dissolving the underpaintiDgi; others are condemned because their 
action is so violent es to remove everything at once. 

As a matter of fact, there is no univenet, fool-proof liquid whose action 
is selective enou^ to remove vtrnish end automatically stop at the colour 
layer in all casesj some are merely more amenable to careful expert manipu¬ 
lation than others. In other woids, these recommended solvents should be 
described rather as being more useful than the others to the expert worker 
in his efforts to remove only the top layurs of old varnish, leaving the colour 
coat undisturbed (peufenbly, in the everage case, with a minute trace of old 
varnish still adhering to it). The more violent solvents are those whose 
solvent action happens to be of such a nature that they will not respond to 
such expert handling but will continue to remove everything with which 
they are brought into contact, too rapidly to be controlled by the special 
technique the experienced picture cleaner has devebped. 

The behaviour of volatile solvents is purely mechanical, whib that of 
water solutions such as soap or mildly alkaline compounds usually involves 
chemical action. Sometimae writers who warn against skinning a picture 
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will recommend such water «dutioiw, but their effect is almost certain to be 
the entire remoTal of all traces of the Tarnish. In fact, as a general rule, they 
come doser to being automatic or selective solTents than the alcohols or 
e^ers^ but after they have destnyed the cOd varnish film, skinned the 
picture, and stopped short of jacking up colour, they will immediately begin 
their less apparent deetruciion of the oil paint film, attacking it chemically 
so as to make it weak and spongy, altering the colour effea by cauong a sort 
of permanent bloom, seepi^ into cracks and destrpying the adherion, etc. 

Tha mistake of assuming that a faulty condition imder discusaon is the 
sole defaCT of a painting and thus ignoring tha existence of complications 
which would contra-indicate tha proposed remedy, has been referred to 
peviously. 

Theoretically sound materials, such as colours ground in pure damar var- 
nish, are often recommended without consideration the ob¬ 

stacles to manual execution which are involved and which are sometimes 
very difficult to overcome. 

Floating %noi«rM. Writera on the authentication of old piciuree refer 
to a test of the genuineoese of a signature. When the painting has been 
signed by the ori^nal arfist the signature will usually be part of the paint 
film;, when the signature has been applied at a much later date over the 
varnish, or in paint of different or much newer materials, it is said to be a 
‘floating signature’, When a solvent is applied to such a pcture, dissolving 
the varnish but not removing any paint, it can readily be discovered whether 
the signature was painted along with the picture in the same materials or 
whether it wai added later. 

Obviously, certain condirioos must be taken into conaderation: it can 
easily be understood that in some instances even e floating rignature may be 
genuine ^ but in the great majority of caeas, particularly when there are other 
reasons for susj^on, it is taken as conclusive evidence of fraud. 

A restorer as such is lees concerned with this aspect of floating brush 
strokes than vrith the problem of their preservation. While it is often 
i^aceseary to remove fraudulent or underireble ovarpainting and signatures, 
and while this work calls for conriderable skill, understanding, and a com¬ 
prehension of what is to be expected in the original underpeinting, so many 
unorthodox methods have been used in j^-ntin g that the restorer is often 
celled upon to preserve legitimate floating brush strokes which will be con¬ 
siderably more affected by solvents than the rest of the painting. 

Among examples of this sort of painting are the fine lines of the rigging 
of ships, which in some instances seem to have been ruled with a fine brush 
or pen over an isolaUng varnish, and delicate touches, tcumhles, and glazes 
on portraits, clouds, foliage, and water, which have been applied over an 
isolating varnish so that free work and corrections would be possible during 
application without danger to the underpaintuig. The use of me^p, the 
addition of resin to oil coloun, and other unorthodox or experimental tech¬ 
niques on the part of the original artist, offer compUcatiouj which present 
themselves suddenly during cleaniiig and which serve to reinforce -die rule 
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that paintiiigs of iny Talua should ba mtorad only by highly quali£ed and 
axpeneocad workers. 

CaADLiNc Old Panels 

When the wood <d a panel pccxua splits, warps, or is in danger of this 
type of disintegration, it is made sound and pennanently conserved by 
cradling, that is, by gluing oissooas strips of wood to its back under pressure 
so that not only is the condition remedied, but the panel is strengthened and 
preserved against future decay. like many other procedures of its kind, this 
is simple enough in theory, but must he executed in aa expert and con> 
sdentious mannerj if a spedalist is not available the actual work may he done 
by any competent caUnet maker, amateur or profeaeional, but the decanon as 
to whether or not the panel should he cradled, and if ao, to what extent, 
should he made by en experienced pereon. Most old panels are improved by 
cradling, but some have ^en iojur^ by further complex warpmg and spUt- 
liug desfdte bring cradled. 



The method consists of gluing mahogany or oak eiripe, about f x 
Inchas, to the back of the pao^ them on edge, about two inches apart 
for the average panel, and parallel with the grain of the wood, which usually 
runs parallel to the long ridae of the picture. A strong hot glue or casein ad> 
beiire is used. At intervals ol the same ilig f ne e that separates these strips, 
they ere slotted so that the ooee strips can He flat against the panel. Theee 
cross stripe are not to be glued down, hut must he able to move when the 
panel contracts or expands. Th^ are usually about half as high ss the stripe 
through which they run. 

The panel must remain undartbe pressure of clampe during the set* 
ting of the glue^ in order to insore firm setting, it is itsually left in the 
clamps several days longer than is usual in adhttire poceduro. Regardless of 
how the method is Amplified or shared, as in the case of works of minor 
value, by diminishing the number of strips, making them wider, etc., it 
should always be imdarvtood that the crosa strips are not to be fastened^ 
otherwise, more serious splitting or buckling will take place. Sometimes new 
panels of thin wood are cradled so that they will resisc conditions they may 
be called upon to endure. 
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The cross «^!», which are laid flat, may measure about 4x14 inches: the 
dimen^ns ctf both kinds of strips are subjea to much yariation, according to 
conditions. Formerly the i»ime conadaration was a flat, neat-looking fob; 

pr^i opinion is that the stationary strips should be rather high t^ure 
Rgidity. ^ 

It has also been suggested that iMn panels be mounted on heayy plywood 
^els on the theory that the thicker the support, the Jess effect warnng will 
have on the pcture. I do not know of any record proring the yalue of this 
over a penod of years. Contrary to popular optuion, the complete painting or 
yarnishing of back and edges to preyem absorpoon of moisiure is not always 
advisable, as it may encourage dry-rotiing of the wood? the end grain at 
least should be left uncoaied so that air has access to it. As in other conserra- 
tion procedures, a complexity of defecu will sometimes result in conditions 
that demand special treatments. Vary thick panels may be planed down; 
seyerely warped panels must be put under preesure carefully and graduaUy; 
a decreitti condition of tlie paint and ground layer often creates additional 
complications. 

Wood worms or beatles in panels and furniture are easily destroyed by 
the application of carbon Insulphida. This is a much recommended material, 
the vapours of which are non*injurious to paintings, but its actual contact 
with paint is to be aeoided, as it is a powerful voUtiU solyeni. The tschnical 
grades hiya a disagreeable odour, which, however, is non-reridual; the pure 
or C.P. grade is lees unpleasant. The metarial is inOammabla, but a mixture 
of 20 parts with 00 parts of carbon tetrachloride is non-inflanuntble. The 
carbon tetrachloride has considerable tone action in this and is not 
antiraly a diluent. 


Varnishing Pictures 

The application of a thin, uniform, fliwless coat of yamish, especially on 
a smooth old painting, is not the eeriest procees connected with ml paintings. 
Vamishee are best aj^ed with a spray-gun$ because they are comparatiyely 
thin liquids and do not need much air pressure, inferior machines are often 
used, but best resulu are obtained with a high-clms modern gun which will 
deliver a well-atomited, fan'^haped spray. Some of those in u3t for indus¬ 
trial leequer-spreying hare traps to preyest condensed moisture or dirt from 
the air^ource from mixing with the yamiah. Most yarnishing, however, is 
still done with brushes. 

The optical effect of e heavy, glassy coat of yamish is not desirable in the 
light of present standards of taste, and the thinnest that will produce a 
satisfactory, uniform surface is in accordance with the most correct practice 
from every viewpoint. A heavy coat <d varnish is actually less durable than a 
normally thin coat and is more subject to various forms of decay. Also be¬ 
cause of its contraction upon drying, a heavy coat apjdied over old or weak 
peintings is liable to cause eventuel damage to the underlying print which it 
is designed to preserve. 
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Varnishm^ is best done in a warm, dfj pl^. OeaTf windj are best; 
humid or m\ 2 ggy days in midsumxnar are wont. In cold weatherf varnish, 
brush, and |dcture sometimes require enough warming to take the chill out 
of them. The vamsb is diluted with its solvent to exactly the proper con> 
astency for best results (determined by experience, or, if it is a new material, 
by experimental trial). The brush should ^ a wide, flat bristle varnish bnish 
of the best quali^ obtainable; uniformity or symmetry of thickness and 
freedom from sbeddiog bristles are the two prindpal requirements. Some 
experienced vaniisbere prefer a softer brush, and use one of oxhair or red 
sable. Some prefer a rather thick brush, while others cannot get one thin 
enough. The this or sparse brush is perhaps better, because it will not de¬ 
posit such thick Uje at the edges of the strokes; furthermore, it seems to do 
better work with leas effort. If 1 were to have a special brush made either for 
varnishing or for applying gesso, it would be a three- or four-inch regular 
artists’ flat brinle brush, poesiblj somewhat thitmer than the average *flet\ 
but of about the same qu^ty, end with the same incurrixig ends. These are 
largely matters of personal preference; varnishing is essentially to operation 
for which ona must acquire the ^nd the tools are of secondary im¬ 

portance. Recommendations as to how to brush out a thin coat of varnish or 
flow on a heavy one, are similar to the previotksly criticued instructions for 
restoring, in that conditions vary so much. The following procedure may be 
entirely opposed by those who pt^ar other techniques. 

The brush is £pped completely into the varnish once end then, depend¬ 
ing upon one’s experience and ju4|menc, both sides of it az^ sometimes the 
edges ere wiped off on the edge of the container so that )ust enough vamiih 
remains in the brush to deposit a film of the desired thicineu across the 
picture for 1 or 2 brush widths. After the varnish has been spread over pan 
of the picture, ot^ in the ease of a small picture, over all of it, a second appli¬ 
cation of the empty brush is made all over with a short, back-aod-forth wrist 
motion in ordar to work tha varmih well into the canvas weave; then a rapid 
single-stroke one-way bruabiog is done at right en^es to tha previous bni^- 
ing to distribute the varnish more equally and to minimize laps is the first 
stroking; lastly, thars is a straight, extremely light, rather slow brushing 
in the original direction with the brush held very flat, as a finishing or 
smootlung manipulation. 

In our modem dtias it is seldom posable to w^k in a dust-free atmo¬ 
sphere unless a specially constructed and air-conditioned room is araiUble, 
and the warning to guard against dust as much as possible will be anticipated. 
ARer the varnish on a painting has dried for about ten minutes or as long as 
it takes for it to become set so that it will not run, the picture may be leaned 
at an angle, face against the wall, to finish drying. There may be some 
circulation of air, but do direct draughts. In a reasonably clean jJ aofi there 
will be small danger of the picture's acquiring much dust in this potition; 
coarse dust will not settle upward, but a swirling current of air might carry 
it upward against the ]acture. 

It is not posable to apply a brush coating of vamiih to a painting in e 
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v«rticaJ position wiiliout sagging or friJIing of th# Tarnish} the defects known 
as curtains, tears, streamlines, etc., are practically uaaTttdahle. Howerer, 
pictures can he so Tarnished "by an expert use of the spray-gun, provided one 
is thoroughly familiar with the particuUr Tarnish being used, and is able by 
the correct spraying manipulations to avoid the above-mentioned defecu as 
well as the unpleasant ‘orange peel’ effea which sometimes results- Toch^"* 
has devised a method <rf making balls of absorbent cotton coTered vfilh well- 
washed old lint-free sheeting, dippdng these into a dilate Tarnish, and 
applying an even coating to a painting in aiui, as French polish is applied. 
Ufually only one eeiy thin coat may be thus pul on, and it does not take well 
on all types of painnn gs. The Tarnish recommended for rhia purpcee is damar 
in turpentine plus 10 % of stand oil, thinned down considerably with a 
mixture of half turpentine and half mineral spent. This treatment is most 
effeciiTe on paintings which are in fairiy good condition, where the greaiesc 
defect is a dulling or blooming of an otherwise intact surface. 

As mentioned under PhrmsAas, damsir is first choice as a jnetura Tarnish} 
mastic is easier to apply in a flawless coating but will turn yallow sad is more 
likely to bloom. None of the ocher maieriels so far developed are in a class 
with thase two. Flat (mat) finishes should be tested for yellowing, for uon- 
polishiag when rubbed, end for streaky or greyish effects on dark or deep- 
toned paintings. Pyroxylin (cellulose) Iscquen and industrial ramisbes made 
from synthetic resins contain a TSiriety of oik and pUstidzers; they become 
brittle and llfelees with age, cum yeUow, and are too far ramoTed in general 
propenies from the materials used in average oU or tempera painting. 
Perhaps their greatest disadvantage is their InsoJubUity is the normal 
paintars' solvents} most of theca require the paint-remover type of solvent 
and therefore present compUcetions both in api^tion to and in removal 
from paint films. Some modem synthetic vsirnishai which can be freely 
thinned and dissolved with minerel spirit or turpentine have recently bees 
placed on the market. Thrir behaTiour is generally satisfactory when sub¬ 
jected to laboratory tests; more complete confidence may be placed in them 
after their composition has been studied and they have had e little more use 
under actual painting conditions. (See page 151.) 

ftamovai Bl^m from Varmthkt Pauaitifg. As mentioned in the dis¬ 
cussion of vamishee on page 145, a mild surface bloom is not a serious or per¬ 
manent defect when it occurs on a vreU-vamished painting. It may be 
removed from a picture which is well protected by an unbroken film of Tar¬ 
nish by placing a few drape of light machine oil (such as is sold in small off- 
cans for household use) on a Sat folded Kleenex tissue and rubbing the 
picture’s surface with small draular and beck-and-forth strokes, uting as firm 
a pressure as the canvas will take without injury. The oil should remove the 
bloom immediately, but satisfactory technique for evenly distributing 
the smallest possible amount of oil on the surface, and nibbing sliould be 
continued until all excess ^ is absorbed back into the tissue. Certain types of 
cloth may also be used; a soft, coarsely knitted cotton generally known in 
house-furnishing departments as an absorbent floor clc^ worlu well but 
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some ezperimszitixig is Decoswry before using untried febriosj the require- 
meots for such a cioth ere that ii should not screich the varnish or deposit 
lint, and that it should absorb and retun excess <nl. If one doubts the quality 
of the prepared cn]s on the market, a satisfactory material can he made by 
Ruxing six parts of de-bloomed paraffin oil with three parts of olive or rape- 
seed oil and one part cd highest-quality kerosene. Although these materials 
do not aHect a varnish film, they must be used with diKretion and never 
applied to a cracked paint film which is not thoroughly protected by an intact 
coat of varnish, or to an unvarnished painting, because the oil might cause 
damage if it were allowed to soak into the canvas or paint. Freshly applied 
varnish must be thoroughly dried, preferably for several weeks, before such 
treatments are apphed. 


Photographic Records 

All works of art should be phoccgrapbed before after any extenrive 
cleaning repairing, or restoring. Such photographs should be made in a pro- 
fesrional manner and care must be taken to record the exact extent of the 
original damages, not exaggerating tbam, but at the same time making 
sura that the camera does not minimue themj in other words, the acturi 
condition as observed on close examination s ho uld be depicted. In the case of 
important works, it Is often necessary to make more chan one photograph for 
this purpose: sometimes it is desirable to have a close-up of some unusual 
defect or a detail of the varnish or some other surface eHea (that Is, focusing 
on the surface of the film to show the coaditioo of the varnish), as well as a 
deeper view of the actual peture disregarding the surface. 

The record of the finished restotation ^uld be made under identical 
photographic conditions (as to camera, film, lighting, and development) if it 
is to have any value for comparison purposes, and do attempt should be made 
to conceal blemishes which may purposely or unav^dably have been left 
in the finished work. 


Framing Pictures 

The universal habit of fastetzmg canvases into fram« with nails is not 
I good one} when the nails are driven into the stretchers at an angle so that 
their points enter the frames, it is a clum^ and difficult matter to remove 
them, and both stretchers and frames are often spoiled during the procedure. 
Driving nails halfway into the frames and bending them over the stretcher 
does not always hold the picture securely} also the nails are likely to scratch 
or damage other pictures and framas with which they may come in contact- 

Small strips of brass calied brass mending stripe, measuring about 2 
inches long and } inch wide, with a sow bde at other end, are obtainable 
ia well-stocked hardware and chain sioiws. If an end of one of iheee strips is 
screwed to the frame with a half-inch brase screw, the end which extends 
over the stretcher will hold the pictura in place securely and neatly} four, 
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six, or eight of these strips may be used. They an flexible enough so that if 
the stretcher is not flush with the frame, as is usuaUy the case, they may be 
bent in sxich a way that the end which gieg orer the stretcher will he flat and 
fit snugly. A screw can also be placed in the other hole so that the strip is 
fastened to the stretcher as wefl as to the fr^me, but this is not usually 
necessary. If brass strips are not ripd enough for some large pictures, iron 
ones can be used. Picturee can be remored from such frames snd replaced any 
number of times without wear or damage. 

PicttJres on wooden panels will warp when improperly framed. If they 
fit into the frame too snugly all around there will not be sufficient room for 
expansion, and they may buckle and split. If they are not well braced in a 
strong frame, they will (unless they hare been cradled) be subjea to erratic 
warping- Two or three thin pieces of cork, slices from a bottle cork, placed 
along each edge of the pcture and secured to the frame with small brads, can 
be arranged so they wedge the penal into the frame tightly? their redUence 
will take up any expansion or contraction which may occur. When the brass 
strips are uMd to fasten panels into frames, they should be bent so they press 
the panel firmly against the rebate. 

One way of holding a thin panel securely and permanently in a frame is 
to drive double-pointed nails one-third of their length into the edges of the 
panel at frequent intarrals. Cut and mitre the ends of four wooden strips, 
of the same thickness as tba panel, so as to form a reaangla, the inner 
measurements of which are somewhat larger than t hote of tha picture. These 
strips are affixed to the edges of the panel with the double pointed nails, each 
nail penetrating about one-third of its length into the strip and about one- 
third into the edge of the panel. The frame formed by the strips is then 
securely attached to the pdcture frame, which must, of course, have a wider 
rebate than usual. 1 hare seen an American portriit on a thin fruit-wood 
panel framed in this manner, in perfect shape after more than a hundred 
years of storage under the most sererely adverse conditions, whero other 
panels had sufiered badly. 


Qeanmg and Kepairing Pictures on Paper 

For this of work an undamasding of the properties and characteris¬ 

tics of paper and the nature of the materials which compose the picture is 
essential. Prints (the term being used here in the narrower sense, meaning 
pictures made by the customary ofiset or typ^prindng methods), etchings, 
lithographs, and engravings, whether in black or in colours, are made 
with oily inks and ba wet in water without ix^uiy? therefore the easiest 
way to perform such operations as are required in cleaning and bleaclnng 
them, is often to immerse them in trays of water or solutioos. It is needless to 
refer to the fragility and sensitivity of such pictures, particularly old ones, 
when they are wet, and it should scarcely be necessary to point out the care 
and delicacy with which they must be handled during operations? for this 
reason more than the usual attention most be given to Order, system, and 
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ciuivenieiice in the i rok roop, iinpl«ni«ms, and apparatus. Print papers, 
unlike the papers deacribed under Water Colour^ often contain a nianber of 
ingredients such as fiflew, coatings, and extra amounts of added to im¬ 
part desirable qualities. 

There are a number of details of precaution to be obser?ed. Many have 
bees omitted here; some are analcgous to those given in connection with the 
treaUneot of oil paintings; and othen will be obvious to the intelligent 
worker. The best teacher of careful manipulations is a varied experience; 
worthless prints of contiderable age are easy to obtain, and experiment on 
them is ampler and can be carried out more systematically than is the case 
with oil paintings. 

Large trays of glass or actd'ivoof white enamel, such as are used by 
photographers, are employed; the wet paper is handled by pladng under it a 
sheet of plate gleae somewhat larger than the pactum, but smaller than the 
tray or tank. When this is lifted ftom the bath the piaure adheres to it, end 
after the liquid has drained off, blotting paper is carefully used to remove 
axcau mouture, and the paper is allow^ to diy on the g^ess. An adequate 
mpply of iargest-fiaa white blotting paper is a necessity; also a Ht of smooth 
drawing boards, cardboards, or Presdwood in various convenient sixes. 
Wooden or metal screw clamps, flat, wide camal-beir and hogs-hair brushes 
for paste and for washes, a wide rubber roller, sponges, tvreezers, etc., are a 
few of Che miscellaneous articles indispensable in this work; others will occur 
to the restorer. A ank or tub with mailing water and a small rubber tube 
attechmenc are eUo essential. 

The resistsDce of printing ink to water and to chemical solutions, and ths 
apparent recovery of the paper after its wetting, must not lesd one to sup¬ 
pose that such treatment may always be carri^ out without danger. The 
siting with which many papers have been prepared may be entirely or 
partially washed away end may have lo be replaced before retouching or 
restoring can be done; some papers are made of two or more plies or sheets of 
paper pressed together; these wiU soBetimes eeperate or at least blister when 
immersed in water. Should such multiple sheets become blistered or pertieUy 
separated, a prolonged in e tub of water will generally allow one to 

strip off the extra {dies, and the thin sheet vrith the picture may be r^ 
mounted on good drawing paper or cardboard. It should be superfluous to add 
the t in all su^ separating operations, including the removal of bid mountings 
from prints, etc., two layan should never be foftibly pulled from each other; 
no separation should be attempted until the paste or glue has been dampened 
to such an extent that the layen will come apart easily and with no trace of 
any damage to the fibres of the valuable layer. 

Some Japanese prints, as well as some artists’ proofs of ccloured block 
prints, monotypes, etc., are made with itqueous paste-colouia instead of with 
the more usual oily ink, and camnot always be immersed in water with safety; 
but they will usually stand a limited amount of cleaning if it is carried out 
correctly. 
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Cleaning and Bleaching 

The first procedure in deenia^ prints is to remove oily or greasy stains, 
if any, hy applying a volatile solvent with absorbent cotton or a soft brush. 
Acetone and diacetone are good solvents, but according to the nature of the 
stains other solvenls may be required- Carbon tetrachloride and petrol are 
the best wax solvents. Occasionally piinu may be completely immersed in 
solvents if a cautioxis tes^ng shows that their lines or colours are not affected 
by them. Those who are not familiar with the use of volatile solvents are 
advised to note their individual properties and the precautions to be observed 
in handling them, as discussed in the section devoted to them beginning on 
page 262. 

According to Scott,** the best matenal for reraoviag Unseed-oil and paint 
stains of long standing is pure, colourless pyridine applied with a brush of 
glass fibres. Repeated applicadons, followed shortly after by removal of the 
llqiud with blotting paper, will often either remove such spots or 
them to such an extent that they are made inconspicuous. The print is al¬ 
lowed to dry until the odour of the pyridine has disappeared. Ordinary im¬ 
pure pyridine is a yeUowish liquid with a highly disagreeable odour ^ it is 
used as an alcohol denaturant. 

A coat of simple-solution varnish can usually be removed by immersing 
the print in alcohol, scrubbing it gently with a camel-hair brush while in the 
bath, rinsing with fresh alcohol, and drying. Weak ammonia water is also 
sometimes useful for this purpose. Oil or oleoresinous varnishes are seldom 
applied to prints; when they have been used they can seldom be removed 
without leaving blotchy remnants. Superfi<ual dirt, penal marks, etc., are 
removed with Artgum or soft bread pills. 

The customary method of bleaching, cleaning, and tenioving common 
foxing or brown stains which resemble iron ru5t (but which are usually a 
species of mould), is to immerse the print in alternate solutions of bleaching 
powder and hydrochloric add, the strength of these solutions to be kept 
dilute so that they will not harm the paper- The report quoted above recom¬ 
mends a § to 1% soluuon of bleaching powder, which will be ^ to ^ ounce of 
powder to a quart of distilled water, and 1 fluid ounce of C.P. hydrochloric 
acid to a quart of water. 

Many accounts of this process were published in a rather unscientific 
manner during the early years of the twentieth century; some writers recom¬ 
mend bleaching powder, others recommend concentrated ready-made solu¬ 
tions of both caldum hypochlorite and 5odi\jjn hypochlorite, or Javelle water, 
which act alike. Anoth^ similar bleaching solution which has about the same 
action is Milton. The best procedure, taking into consideration the results, 
safety to the paper, and ease of control, is the following: 

The print is immersed alternately, first in the acid and then in the bleach 
for 10-20 minute periods, until clean ox until no further lightening is ap¬ 
parent, after which it is washed in running water for an hour or two. The print 
is hanied on plate glass, as was described earlier; while wet it is very fragile. 
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Bkachicg pcnrd^ is populariy called chlorinated or chloride of lime, 
and i$ told in a giiffioemlj pure grade in domeatk stores^ instructions for 
making Javelle water are printed on the container. 

Another bleaching |rocea$ is the following recommended by J. G. 
Goulinat}* it uses an oxidetioa^reducdon reaction familiar to all chemists. 
The figures refer to grams of matmal and millilitres of water. 

Immerse the print in a 5:1000 aoliitapn of pocaaaum permanganate for 
several minutes^ remove from cny, rinse off with water, and return to the 
permanganate solution to which has been added a 10:1000 aolution of sodium 
thiocul^te {hypo)i allow to soak for 10 onnuiea. Then add 10 drops of C.P. 
hydroc h lo ri c add. When print is white, wash in running water for | hour, 
and dry. The print is handled on place gUas, as noted above. The action in 
this process is harsher and mors drastic than that of the chlorinated bleaches. 
Exposure to sunlight, u recommended for oil paintings, is afiident, but is 
likely to fade some of the more fugitive inks and colours. 

For applying bleaching aoion to pictures which will not withstand im¬ 
mersion in solutions* and particulariy for mcoring the original whiteness of 
high'lighu and other spots on a drawing which h«i been touched up with 
white lead water colour, a recommanded procodure is to make a fiat plaster 
of Paris caet or tile, and after impregutiog the porous surface of this with 
peroxide of hydrogen, to arrange the drawing or print with iu fsce down ^ 
inch or so from the cast, whereupon the darkened areas are bleached in a faw 
hours by the schoa of the peroxide. The same method may bo used to treat 
other bleachable conditions. When the drawing or print li so sensicive to 
wator that even mdst vapoun such as thaea will cause ill effects, as in the 
case of fragile mounted or unmounted India-peper prints, an sthereal solu¬ 
tion of hydrogen peroxide is recommended. Ether is shaken with peroxide 
solution in a bottle, it extracts the peroxide from the water solution and floats 
on the top of die water in a weU-ds£ned layer. (See remerks, page 2d9 for, 
precautions is handhng ether.) In connection with this procedure and with 
direct applications of hydrogen peroxide solution to paint surfaces which ere 
partially but not entirely reristast to aqueous soludona, it has been found that 
the deetructiTe effect of water is greatly diminished by addition of 50% of 
purs ethyl alcohol to the soludon. Hydjcgen peroxide is univenally obtain¬ 
able in 5 to 5% solutions, and also in a powerful 50% aolution called Super- 
oxol, which requires earful handling, as it attacks the skin. 

Another method which is sometimes found effective (and one which does 
not appear to have been published) is to allow the fumes of a strong reaction 
of concentrated bleaching powder and add to come into contact with such 
spots. A small swab of abeorbent cotton fastened to a wooden applicator is 
dipped into rather concentrated hydrochloric «iid ( 1 : 1 ) and then into a dish 
of djy bleaching powder, particles of which will adhere to it. While th e 
fizang reaction is still going on, the cotton is brought close to the darkened 
spots, whereupon the fumes effea rapid bleaching. The same materials may 

P—of; in A. 
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be applied orer a flat surface as in the preceding method, except that ia this 
case glass instead of the add-sduble plaster must be used. 

Writjng-ink stains are recnored bjtho bleaching-powder procas, which 
is the ba^ of most of the prepared ink eradicatora. A more powerful re¬ 
mover of inks and similtr stains is oxalic edd, a 10% solution of which may 
be applied with a glass rod. However, the application of chemicals without 
subsequent immemon in or thorotigh washing with water is not to be recom¬ 
mended} chemicals left bebiiid in the paper weaken it and cause eventual 
Staining. After every chemical treatment paper should be well washed in 
running water in the same way in which a photographer washes his pictures, 
and for the same reason. 

Pnnts in storage will abeorb atmospheric moisture, which is nearly as 
great an enemy to them as it is to ml paintings* Authorities on the conserva¬ 
tion of prints consider it veryimporunt to scariliae them after the removal of 
mould marks. This is best accomplished by subjecting them to the vapours of 
thymol by pladng them in a ti^t cabinet wMcb contains a dish of thymol 
orer the heat of an alactric light bulb. The material is volatilized by allowing 
the light to remain os for two hours, after which the print is left in the 
cabinet for 24 hours longer. The procedure can be repeated as often as 
necessary without harm to paper or vellum, but printed surfaces may some¬ 
times be spoiled by the solvent action of the fumes. This process, which is 
described in detail by Plenderleith,^ does not give permanent protection 
agiinet further infestation. 

Antiquated redpas often recommend restaining the brilliant white paper 
of a cleaned print with solutions of taa, coffee, ela, tobacco, etc., or smoking it 
over a dsmp wood ffre, in order to bring it back to a ‘nitural* a^ appearance 
'->a procedure not in accordance with modern practice or taste. 

Very fragile picturee, prints on India paper or Japanese tissue, and ^cures 
done In soluble or sensitive line or colour which will not withstand immer¬ 
sion, may be treated from the rear by pressing upon them blotting paper im¬ 
pregnated with the solutions, or may be prwsed between two nearly dried 
blotters. The disadvantage of this procedure is that only partial results are 
effected and badly blemished prints are not well cleaned or bleached} how¬ 
ever, in some cases little else can be done. 

Poiteis. The restoration of pesteb requires delicate operations. As noted 
under Pastel Painting, they will survive a limited amount of pressure in 
contact with glossy paper or cellophane so long as there is no lateral move¬ 
ment, but every precaution should be taken to avoid rubbing their surfaces. 
A layer of dust can often be removed with a blast of air, and I find that some- 
times, but not alwajs, a careful ligfrt contact with a sheet of paper coated with 
a very slight, woU-dried Abn of rubber cement will result in the dust’s being 
^cked up without too much removal of colour. Tears can be plugged by 
mounting the ^cture, cutting out a patch from paper of the same tUckness 
and texture, and proceeding as in the case of canvas ;^ugs for oil paintings. 
These patches can be tinted with water ocAour before bmng coated with pastel} 
all repainting and matching of ct^uia will require very careful preliminary 
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selectoOD of cnyttns and umally tiie manufactura of special shades. It is not a 
diiScult matter to retouch and smooth out hlemisbes if one has learned the 
manipulations of appljing pastel^ and with a picture that has been done in an 
fiTera^e good thickness of coloor (as the early portraits usually were), minor 
spou can often be smoothed out with a delicate handling of «leather stump. 

Beaufort^ recommends deemsg and hlfeaf.hin g a pastel by taking it 
through zBOst of the operations to which paints are subjected, from the rear, 
carefully floating the pcture on the surface of the solutions and the water, if 
necessary aneching its edges to namw stripe of thia cork with drawing pins, 
A sheet of strong drawing paper is used as a support in place of the plate gloss, 
and after a preliminaiy floating an water to remore creases, the print is 
picked up with the drawing paper and floated for a few minutes on a rery 
weak solution of JareUe water or other single-solvition bleach. As a final 
treatment, the pastel on its drawing-paper support is pieced in a tray and its 
surface gently fl ood ed with water for a few momaata, after which it is re- 
morsd and cajefully dried. 

Jf'aitr Colours. As water-colour painters know, the arerage completely 
dried water-colour painting will wit^tand a careful and not too prolonged 
rinsing in water prorided it ii not rubbed while wet. Bleaching coloured 
pscturas or pictures on cdoured paper is not to be undertaken thoughtlaesly^ 
many odours and coloured inks, eipedally the older onee, are susceptible. 
Retouching of mended v?ater colours is done with weak colours in a stippling 
manner with the point of a small, nearly diy brush. In the case of any piaure 
on paper, whan the siring needs replecament for purposes of retouching, a 
very diluU solution of gelatin is beet—a half-ounce or less to a gallon of 
water, 
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Miscellaneous Notes 


Notes on Perspective 


T he surfftM of a picturo is a figure of two diiziomioos bouudod 

by the frame, and any linaa or mawee depicted upon it lie within 
that p^ane and hare only length and breadth. Aesthetically, a two- 
dimensional picture or dedgn may be entirely successful, but the 
development of most schools of art has led to e demand for perspectire or a 
means of creating upon a two-dimensioaal eurfaca the effect of three 
dimensions. 


Perspective in a piaure is a son of optical illusion perceived by virtue of 
training and education and made poeoble by certain mechanisms (somstimei 
called defects) of the human eye. It is theiWore an artificial system evolved 
for the purpose of creating an effect, and as such it must follow arbitrary rules 
and laws. 


The rules of our system of perspectire apply principles which have been 
worked out by geometry j however, exact perspective as studied by mathe> 
matidans is not strictly applied to the usual pictorial technique, but only such 
basic points as are of practical value. Writan on the subject have always gone 
to great langths to point this out and to make the artist aware that according 
to his artistic intentions be must consciously decide for himself jxnt how far 
the construction of his drawing should follow mathematically produced 
pcdnts, and just where these points should serve as guides for lalectiva ap¬ 
proximations, so that the result may be the work of own hand and not an 
example of applied mechanics. 

The present account is a shot outline, for reference purposes, of a few of 
the basic geometric constructions, selected for their tim^ctty and practical 
application; for a more thoroitgh study, the reader is referred to the complete 
manuals on perspective, where the r^tionship of these basic rules to artistic 
purposes is shown. 

Application of Perspective to Pictures. A defect of our system of perspex 
tive from the mathematical pmnt of view is that a vanishing point is really 
accurate only when the subject is viewed from one point or station and when 
the line of visioD is trained directly on one point of the scene. Artists seldom 
attempt to secure extreme mathematical eccura^ in all parts of a complex 
drawiog; the reason for special care and accun^ in the guide lines or under- 
painting is that the artist may thereby guard against too great an error in 
perspective, the assumption being that one is ueceesarily bound to deviate 
somewhat from mathematical accuracy during creative work, and that the 
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more accurate the guide Hnea the easier it will be to keep within the bounds 
of acceptably correct drawing or to control deeiaiions at will, Whether or not 
dutonion, or departure Aom realistic per s pe cti ve, is advisable is entirely the 
concern of the artist himself^ but it is almost universally espectedf according 
to the general Ideas on art at present, that such effects will be deliberate and 
controlled rather than acddencal. 

Some kinds of peinting are not concerned vrith perspective or third- 
dimen^nal relationships, but we bare become eo imbued with the third- 
dimandonal feeling that it influences moat of our works. 

Serial Parfp^tive. In nature, the distant parts of a laodscapa assume a 
less brilhant colour than the objects is the foregroundj they are often made 
hazy or given a bluish-white tone by the volume of atmospheric moisture 
through which they are viewed. This effect may be directly translated to a 
^ure without the use of rales ot laws other than those which can be 
learned by observation of naturel phenomena. Other elements being equal, 
objects have a tendency to become cooler in colour (to move away from the 



red-orange-yeUow side of the spectrum and toward the green-blue-riolet 
aide) as they recede^ this change may be defected by mixing more white or 
pale pigment with the colours. In bi^ and white pictures, bold contrast la 
used in the foregroimd and greys and blending tones in the distances. The 
Chinese and Japanese paintarv utilized this method of depicting recession by in- 
terpoong mists and aerial softening in aom a of their monochrome landscapes. 

Linear Perspectiie. We observe, in addition to these colour changes, that 
objects in the beckground appear to diminish in sue as they recede, that 
parallel lines appear to converge, and that horiaonul lines assume various 
angles. Depending upon our degree of skill, we are able to approaimaie these 
relaiionahipa, so that our drawings appear more or less correct according to 
our impressions, by the application of a geometric perspective which con¬ 
forms to established rules. An isomaffiedrawini is one in which each dimen¬ 
sion of an object is represented in its actual measurement or proportion. 
This method is sometimes used in mechanical drawing and mathematics, but 
it gives a distorted view of the object, whereas a drawing in true perspective 
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of tie appartnt dimensions, thou^ not in acontiance with actual measure¬ 
ments, a true impreasioa of the object as Tiewed. 



The terms used in these notes are those uaiTereally employed in reference 
to the construction of pertpecciTe drawings. Observer refers to th» artist, or 
original observer of the scene} spectator refers to the person looking at the 
finished ^cture. 

Picture Plane (ABCD in 6gure 1). An imagiaasy transparant plane 
interposed between the subject and the eye of the observer, as if it were a 
sheet of glass, through whi^ the cone of vision pisses, converging upon the 
observer’s eye. This ^ane corresponds to the surface of the picture. 

Ccns of Vidon. A term used occanonaliy in the explanitioo of perspective, 
espedslly when the eye is compared to a camera lens. The light rays re* 
fleeted by the subject pass through the picture plane and converge upon the 
eyej they are de{^ed as imaginary straight linas which form a conical 
design, and they delineate the perspective points on the pictuie plane as they 
pass through it. 

Horizon Line (HH). A construction line drawn across the picture plane, 
parallel with its upper and lower sides. In a landscape it is usually somewhere 
near the centre; in a sea view it would be the actual horizon; in any landscape 
it may vary in position, depending upon the nature of the scene and its 
signlHcant objects, but it is always on a lerel with the eye of the observer. 
For purposes of perspective construction it is someames necessary to eictecd 
the horizon line beyond the picture on either or both sides. 

PoirU of Station (S). The point which corresponds to the eye of the ol^ 
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seiT«r, ti^ced in front of ond opposite the middle of the horizon line, at a dis¬ 
tance verying according to the requirements of the picture and the judgmezrt 
of the artist. This point is normally about as to the ^cture as one can 
stand and tahe in the whi^e view comfortabfy. The distance is not selected 
according to any strict role^ hut should depend mostly upon the width of the 
angle of view of the suh|ect. One traditional method is to construct an in¬ 
verted equilateral triangle on the horizon line of the ^cture and use its apex 
as the station point. Another familiar procedure is to make the distance 
slightly leas than the width ot the {acture. The station point is the basis of 
mathematical perspecdre. Because it is fixed, ]^aced outside the picture plane, 
and accurate only whan used as if a person were sighting along a line with one 
eye, soma of the flaws of a purely mathematical perspective as applied to 


FZOUKS 5 

artistic purposes are evident. Almost eveiy contains more than one 

system of lines, and spectators view it from many points. In figure 1, the eye 
corresponds to the sution point} in constructing a drawing the ardit mahee e 
^ple diegram, for convenience swinging the station post dovm, pladog 
it below the jricture ^ane, as in figure 2. If the distance between station 
point end pcture plane is shortened, that is, if the observer moves forward 
the recession of background will be more violent and objects in the fore¬ 
ground will loom up. If the distance is lengthened, that is, if the observer 
moves backward, the recesaon wiD he more gradual and the scene will be 
flattened out. Kaising this pcdiit on the diagram is equivalent to coming 
nearer to the subject! lowering it is the same se retreating in order to include 
more foreground, as the constructions which fdlow will show. 
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Pwu of Si^hi {P). The point oo the horizon line opposite the eye or 
steuou point. 

Line of Piston {SP). A straight line drawn from the station point to the 
point of sight. 

Parallel Perspective and Obli/jve Perspective. When a side of an ohject is 
parallel to the picture plane and when the of vision is exactly in its 
centre, the ohject is said to he in parallel perspectiTe$ when the object is 
turned, it is in oblique or angular perapectiTe. Rgures 7 and 9 are in parallel 
perspective and figuree 2 and 5 are in obUque perspective. 

Grotmd Line. The base or lower boundary of a picture plane. The term 
may also be ap|died to a similar construcdon line used anywhere in the 



picture to measure off points or to determine the scale of a figure, in which 
case it should preferably be called a scale or scale line (CD; also GO; see 
figure 2). 

Vani^xing Poinu (V^ V^. The lines which lie in a plane of any single 
object or group of objects, if extended toward the horizon, will meet at a 
point in inJiuite distance; in a pcture, the point on the horizon line where 
they apperently converge is called the vanishing point. Depending upon the 
directions in which the planes face, a scene may have many or few vanishing 
points. Figures 7 and 9 are in parallel penpecrire and therefore each has b\zt 
one vanishing pant, the point of right. The other figures are in oblique per¬ 
spective and have a vanishing pcont on either side of the point of sight. Unee 
above the horizon line always convene downward to it; those below the 
horizon line converge upward to H. T.iniw which lie on a plane parallel to the 
3 K 569 M.A.K. 





MISCELLANEOUS NOTES 


|4cturo plane do not approach the horizon line and therefore do not converge. 
For example^ the hdes and rungs of a peTpendicuUr ladder which faces the 
ohserver do not converge; if they appear to, the line of sight has been shifted 
and they no longer lie on a plane perpendicular to it. Linee such as the edges 
of some sloping roo& and stairways do not lie in planes parallel to the horizon 
hna in the scene, and their points of convergence do not lie on the 

horizon line but meet at a point directly above a vanishing point (V,, Hgtire 
2), or, if downward, below it When lines are drawn from S to the two 
vanishing poinis of a rectangular figure they always form a 90” or right 
angle. 



Figure 2 ahows most of the cotutructioo lines and points discussed above. 

Figurt 9 shows what happens in this scene when the observer moves 
forwsrd, rairing the station point from 5 to 

Figure 4 shows what happens whan the observer moves back, lowering 
the station pcdnt from S to S,. 

Figure d shows what happens when the observer moves to a higher level, 
raising the horizon line from HH to U|H,. 

/igurs 6 shews the result of shiftizig the sudon point to the left. 

Lints of Meoiuremmt. In order to locate the depth of objects in recesrion 
or to determine the distance between objects which recede at regular inter> 
vals, lines of measurement are used. A line of measurement is foxind by 
laying off a point on the horizon line osing a vanishing point as a centre and 
the distance between it and the sution point as a radius. A line drawn from 
this peins of measurtmsnt to a pcditt on the ground line is a line of maasure- 
ment. 

One of the most convenient methods for pUdng objects in recession is to 
mark off a crisscross or checkerboard pattern of squares on a ground plan or 
floor of the scene (figure 7). The usual procedure is to mark off the width of 
lliese squares on the base of the pclure (the smaller they are made, the 
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mores^uracy of detdi can be obiMned) and conned these jxnnxs with the 
vanishi^ point From the vanishing pmnt, a point of measurement is 
published as described abore, and the tine of measurement MG is drawn to 
the opposite lower corner of the figure. The squaree in perspectire recession 
ere then obtained hy drawing horuontal lines through the points where this 
hne mtersecia the convergent lines. If desired, another line of measurement 
may be drawn od the opposite side of the pmnt of ^ht. 

The line XY is the actual scale h^hi of the objects. Some artists believe 
^is method to be too mechanical, the recemn sometiines being defective 
for Its purpose—too sudden or too gradual—so they esublish the points of 
measurement by trial or judgment instead of by adual measurement. If 



receding points are required in an area which is in cbBque perepective, both 
vanishing points and both lines of measurement must be used and the lines 
of the squares are then determined hy the two sets of intersections instead of 
being made parallel to the ground Hne. 

Projection of a Ground Plan inio Pvspoctive, Figure 0 shows a method 
for the accurate projection of the ground plan of an object in oblique per- 
specuvej this method can be used when it is desired to project the ground 
plan in scale or proportion to actual measurements and in any size, either 
Isiger or smaller than the dremng of the grmind plan. The rectan^e F 
corresponds to the floor of the little bouse in the other diagrams, and the 
terms and prinaples discussed under those examples apply here. 

First select the station point to conform with the direction and distance 
of the observer from the object. In this particular case the observer is slightly 
to the left and quite doee to the nearest point of the object. Draw a vertical 
line upward from S- Draw a horirental scale line (GO) at any convenient 
distance above the plane. If the object is part of a scene and it is desired to 
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l&sert it into a |actur« plane, ebe disunce between d and GG will naturally 
kare to be made great az>ough to accommodate the for^round. Draw a hori¬ 
zon line (HH) parallel to GG, and at a distance above it equal to the height of 
the observer’s eye level, so that its intersacdon with the verucal line will be 
the point of sight (P). From S draw a Im^ parallel to a side of the rectangle 
and another at a right angle to it, and use the intersections of these lines with 
the horizon Use as raniahing poinu (V^, V^. Using these ranishisg points aa 
centres, locate the points of measurement M‘< »r din g to jderious instructions. 
The following basic elements of a penpectire drawing have now been estab¬ 



lished: station point, horizontal scale Une, horizon line, vanishing points, 
point of sight, and psinu of measurement. 

Draw a vertical line fttun the point of the ground plan neareet the ob* 
server (a) to the scale line GG, and drew lines frotn this point (a^) to both 
vanishing points. From point a^ lay off on the scale line the actual desired 
scale measurement of a-b and connect the pjint \ with its punt of measure¬ 
ment M,. Repeat this procedure on the ot^ side of e^, uring the measure- 
menc a-c. From the point b|, where the line of measurement from Mi inter¬ 
sects the line from a^ to its vanishing point, draw a to the opposite 
vanishing pmnt V,. Repeat this pcecedure on the other ride to locate and 
draw the line Cf-V;. The rectangle a^ b» dj, c, is the injection of the ground 
plan F» 

If the vertical line ^a, is extended upward from au it will be a vertical 
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scale line for the object, and aD 7 scale measurement laid out upon it will 
establish the object’s b«ghi or the hei^ of details mihin its planes. A line 
drawn from a point of rertical measurement to a yanishing point will deter¬ 
mine theee heights in perspectiTe. Stsch a hne would correspond to the line 
XP in figure 7. 

Circles and Curved Lines. The projection of curves in perspective is 
usually accomplished by reference to straight tines or rectangles {for example 
if a circle is to be placed in perspecttve, a square whose sides are the same 
length as the diameter of the circle is constructed below a ground or scale 
line, put into correct perspective, and the aide inscribed freehand within 
this rectangular shape, where it will assume the form of sin ellipse. When the 
curved figure is more complex than a ample drde, it is sometimes convenient 



to block oif Uie guide*ligure in rectangles and refer to each sectiou separately 
by an application of the checkerboard system. The final result will depend 
upon the skill and experience of the artist. 

Sometimes it is desired to defect a cirde in perspective with greater 
accuracy than can be obtained by drawing an ellipse freehand within the 
perspective square, or the drde is viewed at an unusual angle or has 
complexities of construction the drawing of which requires a little more 
guidance than that suited hy the perspective rectangle. Figure 9 is e 
fairly obvious illivtration. One must determine the place where the forward 
edge of the drde in perspective is to come, and through that point draw 
a borixontal scale line. A square is laid off below this tine, a circle inscribed 
within it, and diagonals are drawn upon it. The square is put into perspec¬ 
tive by means of vanishing and measurement pcdnts, as previously described; 
the location of the far ade of the figure is obtained by drawing a line, 
MG, from either point of measurement to the opposite upper comer of the 
square abeady constructed. When the perspective drcle is to be inserted 
into a jncture, the vanishing pcant of the plane upon which it lies must be 
used. 
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The lines of meemfemeni will form the dia^nals of the perspecUye 
square. A tertical is drawn t2inmgh the ce n tre to the ranishin^ pointy 
and another line throu^ the centre at right angles to this. These lines meet 
the si^es of the penpectiye rectan^e at the points where the ellipse will be 
tangent to it. Draw Tertical linft* upward from the points where the drcle 
intenects its diagonals, and connect the two points where th^e lines meet 
the scale with the vanishing pcuL The intenections of these lines with 
the diagonals supfdy four more iniennediaie pouts, so thAr the ellipse may 
now be drawn with eight guide points. If the penpecdve rectangle is in 



oblique penpective both pmnts of measuremeat must be used and each of the 
two cross lines is drawn to a Tanishiog point instead of being at light angles 
to aach other. 


Notes on the Graphic Arts 

The term graphic arts is in general use for dedgnating eH processes for 
the production of mu]ti|de-proof pictures on paper on a hand^made basis, the 
work hMng done either wholly or in most part by the ori ginal artist, and 
editions limited. The piinU are ordlneiily printed in black, occasionally in 
one colour, more rarely in multiple coJoursj and the indiTiduel copes or 
proofs are ordinarily numbered and signed by the artist, more often in 
pend! on the margin than on the plate itself. The term excludes all forms of 
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mechamcaJly reproduced works photographed or redrawn on fJatea- How- 
eyer, some mechamcal reproductions, eapedally the hetter ones of famous or 
popular paintings, are so well done and represent such a degree of technical 
skill that thej are often valued as prints. 

Japanese prints, for instance, have been condemned as works of art by « 
certain connoisseurs and artists, espedally by the Japanese, not only because 
they wore originally works on popular subjects for distribution to the public, 
as distinguished from the more esoteric and precious pointiags, but because 
their production was several steps removed from the work of the original artist 
and depended upon the co-opereiion erf expert engravers and printav; they 
are now, however, as thoroughly accepted as the other forms of Japanese an. 

The accepted graphio-arti pracaese* are, in ap|«ciimate order of their 
present'day popularity; lithography, etching, dry-p^t, wood cutting or 
wood engraving, aquadnt, and soft^grouad etching. Engraving on copper and 
steal, and mezzotint engraving are almost as obsolete in art as they are in 
commercial reproduction. They have their practitiouars, but theee are usually 
workers in other techniques who employ metal^pUte engraving occasionally, 
rather than speQalivts who their maior efforts to th if medium. 

Although these processes were employed es art media in the past, their chief 
use was always in the multiple rep^uction of paindngs. 

Copperplate etcUog bes alweys enjoyed the position of an unportant if 
not a major art medium anea the time of its mechanical perfection and im¬ 
proved control of effects, which date from the early seventeenth century. 
Early writara tell us that during the sixteenth century it was used in its first 
stages of davelopmant as a posrible labour-earing subetituie for engraving, 
attempts bei^ made to subordinata its characteristic qualities in the 
interest of imitadsg engraved Unas, rather then to exploit all its chsraaar- 
istic* and evolve a unique treditioo. The origin of etching has also bean 
attributed to early metal workers tod armourers who used it for decorative 
designs on metal. 

The woodcut was the earliest form of mxsltiple reprodisction of pictures 
and derigns, but it soon became obsolete for most purposes and was liHe \ssed 
until its revival as an art medium in our own day. Wood engraving came into 
wide use as a means of reproduction and illustration duriog the of the 

nineteenth century, but newer reproduction methods inc^uced toward the 
beginning of the twentieth century caused it to become obsolete quite 
suddenly. Although the adapta^ty of its effects for certain work had caused 
it to be appreciated as an artistic medium to some extent during its life 
as a common means of reproduction, it was, with a few notable exceptions, 
never widely selected as an art medium until its twentieth^ezitury revival 
as such, Wocdcuta and wood engravings are often called block prints, to 
distinguish them from the metal'plate prints. The two groups are inked 
differently. The metal-pdate processes, etching and line-engraving, are in- 
daed or intaglio processes; the ink is epplied to the plate and wiped off, the 
lines being left charged with ^r»k, which is depotited on the paper bv running 
plate and paper through a roller press is contact with each other. The wood 
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blocks mk«d hj a roller which dapoats a coatiBg of ink on tha raiaed 6ur> 
fftc «5 this in tum is deposited upwj the paper by Tcrtical preasura. Other 
characteristics which dtstingmah the affects of the various procaseea are: 
etched lines do not taper and expand as engraved or pen-drawn lines do, but are 
always the wid^ througl^tj the grain of hthograph and aquatint masses 

and ^e fine lines of etching ma^es discbse more of the paper than the solid 
block pint does, thereby imparting m«a granulation or depth to the print. 

Limiitd Fd^’ons. The usual opnion is that proo& of the highest degree 
of excellence may be obtidned only in Hmited editious, owing to sacrifices in 
finesse which must be made when a durable, lasting plate for quanti^ pr^ 
ducdonis required. 

A con^erahlfi group of preaent-day artists and commenuton on art, 
however, point out that the graph)C>arta processes were originally adoptod 
not only for their sympethetio rendering of line, form, azid tonal effects, but 
equally as siudi for (he muldplicatioo and consequent distribution of proofs. 
They claim that the linhutioa of editions by destruction of the j^atos or by 
the adoption of techniques and effects not capable of retisting for long the 
wear of continued impressions, is a comparatively recent devabpment, and 
one fostered by artista and dealers for moneury reasons. They call the result¬ 
ing rarity of such prints artifidal, and dte the case of lithography, where the 
works of modem living artists command higher prices because of their 
tcardty than the proofs of some accepted masters of the nineteenth century 
whose woriis were turned out in fairly larga aditions. Although anxious to 
develop good craftsmanship, they are willing to sacrifice the attainment of 
superlative technical results if these require such delicate plates and time- 
consuming printing manipulatiOQs that large editions sold at low prices are 
out of the question. 

On the other hand, the artist who, by great application and development 
along individual or personal linm, b capable of p^udog superlative proofs, 
continues to produce them in strictly limited editions. The term superlative 
proofs here implies prints which completely and thoroughly fulfil the most 
exacting requiramenu of perfection of control over the medium both in 
relation to the artist’s intantioau and from the viewpmnt of the fullest 
textural qualities inherent in the medium itself. 

Tliis question, ahbough it b not a purely one, must influence an 

artist in hb chmee of technique aa It invNvea decaib and various adaptations 
of the graphic-arts processea. New standards of excellence, both artistic and 
technical, always become established with the development of any new 
methods and materiab, and in theix own way they become just as complete 
artistic expressions as the older traditional standards. 

LiTHOGiUPHY 

Lithography was invented in Munich in 1798 by Aloys Senefelder, and 
thereafter came into wide use both as an artistic medium and as a means of 
reproducing pictures for publication. 
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Simply outlined, the process consUts of drawing or painting with greasy 
Crayoiu and mks on a particular spedes of limestone which has teen ground 
down to the desired texture. After several sutsequent mampulatioos, the 
stone is well moistened with water, whereupon the parts not covered by the 
crayon become wet, while the areas where the greasy drawing was made 
repel the water and remain dry. An oily ink is then appUed with a roller^ it 
adheres only to the drawing, being repelled by the wet parts of the stone. 
The print made by pressing paper against the inked dravring is not a repro¬ 
duction in the same sense as is the mechanically reproduced print, but it is a 
true autographic replica, in reverse, of the original drawing on stone. The 
direct manner in which the drawing is made and the range of tones which 
can be obtained, make the process popular. Lithography is classified as a 
planographic or flat-surface process, as distinguished from the other graphic- 
arts processes, which are either intaglio or relief. 

Lithography, unlike etching, enables the artist to confine his efforts to 
the execution of the drawing} because the printing is a somewhat mechanical 
procedure, the objea of which is to turn out exact copies of the drawing as it 
appears on the stone, the great majority of artists have this work done by 
professional lithographers. However, it is generally considered necessary for 
the artist to have mastered the actual procedure involved in the printing 
process while learning lithography, in order to be thoroughly familiar with 
its requirements- Considerable knowledge and proficiency is reqiured for the 
production of fine prints, and the number of professional artist-lithographers 
who can turn out really superior proofs from the stones entrusted to them is 
limited. This is particularly true in work which involves any great delicacy of 
tone or line- Some artists v?ill carry their effort to secure completely faithful 
replicas of their original drawings to the point of having the prints made on 
paper of a tint that matches the original grey or tan colour of the stone. 

The autographic quality of lithography is not always emphasized by some 
lithographers} for instance, Brown,** who based his instructions on the 
artist’s carrying out every phase of the process himself, regarded the final 
proof as the principal conrideration. In one case he worked on the introduction 
of a development whereby a new tonal effect was added during the printing 
process. Unless the printer is an accomplished expert, very sensitive or deli¬ 
cate tonal effects must be sacrificed. 

Lithography is widely used as a means of commercial reproduction, and 
although the basic principles are unchanged, many variations in technique 
are used by industrial lithographic establishments. The artist has small 
concern with these procedures; none of them improve and most of them 
detract from the q^lality of the work from an artistic viewpoint, for the aims 
of the industrial lithographer are not those of the ertlst, and the commer^l 
lithograph is definitely a reproduction, not an artist’s proof. Practically every 
artists' lithographic process in use today was known, at least in prinaple, to 
the inventor and early vrorken of the craft. 

ZMho^raph Stones. The limestone from Solnhoffeu, Bavaria, with which 
Senefelder first perfected his original process, is the best. Many substitutes 
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are quarried in rarioua parts of the world, but all are inferior. The best- 
qualitj stones are those of a grey or ‘blue* colour. The jellow or tan stones 
appear to be of a softer or looser texture and not capable of taking such a 
satUfactoiy grain; also delkate work done on them is more iikety to be 
ic^ttred during the printing process; Deverthelees, some artists express a 
preference for them. Stones which show anj colour Tariation are usually 
rejected, as streaks or spots indicate a ▼arUtion in composition or texture 
which may interfere with the printing; hut manj such defects do xiot show 
in the ilnid prints. A small stone, 10 x 12 incbm, is about 2^ inches thick and 
weighs shout 50 pounds. For perfea proofs and to prerent breakage in cer¬ 
tain tjpes of presses, the thkknasa must he accurately uniform. The larger 
stones are made {voportiODStely thicker; a stone measuring 16 x 22 inches 
will he approximately 5 inches Uuck and will wrig^ about 100 pounds. 

The artist does not require many stones, as they are ordinarily cleaned 
and refimshed as soon as an edition has been pulled, although the stone with 
its original drawing may be preserrad for several years, if dewed. The great 
majority of artists, especially those lo whom lithography is a minor or 
occaaional activity, own no stones but rent them hum the printer or supply 
house, where they heve the grainiog and resurfeclng done. Pew maintain 
their ovm preesae, and a good proportion of the finishing and printing work 
they do is carried os outside their studios, in workshops of profes^nal ar^- 
hthographers, in art schoo l s , ariuts' societies, and occasionally in an in¬ 
dustrial lithographic shop. Much of the bast work is done by artists under 
such conditions, with the dose co-operation and supervision of profesdonal 
printers, the best of whom are not only artists in their own right but sym¬ 
pathetic to and co-operative with the aims of the artist who makes use of their 
professiont] servicas. Although etary material usad throughout the techniqua 
is available ready-made in adequate quali^, there are dweys a number of 
experimental-minded artists who make tbsdr own crayons and other 
materials, and who are constantly striving for improvements in the drawing 
and printing of their w»k. 

Mftai Plaxu. Plates made of line or aluounium, light in weight and just 
thick enough to be rigid, have bng been in use to supplant the more cumber¬ 
some stones; in industrial titbography they have practically replaced them. 
They are sold ready-grained to Imitate the texture of stone, and also in a 
variety of other grains for various types of artistic and reproduction purposes. 

The technique of uang metal f^es is not basically very different from 
that applied to work on stone, but there ere naturally many points of vari¬ 
ation in manipulations. In the case of metal plates, the possible manipulations 
are more limited in number and ere somewhat more difScult to master. 
Often, because of the darker tone erf the rinc, the ertist is led into the pro¬ 
duction of more contrast than he would create on the psiler stone. An expert 
can ordinarily distinguish at once between proo& made fromplaiae and those 
made from stones; those made from stones are unirsrsally considered to b© 
superior, and although some artists find the plates adequate for some types of 
work, the stone retains its position as the standard material among artisw. 



LITHOGRAPHY 

Graining, The greio is impeited to the stone by grinding its surface mth 
flint, sand, or other abrulTes. The stones are finished by laying two of them 
face to face and grindiag them with the abrasiTe and water. h^Ul plates are 
grained by machinei the grains of ebraare are tumbled upon their surfaces 
with small balls or marbles. Zinc plates do not act well when old^ they should 
be freshly prepared, and pmtected agunst atmosphere and moisture until used. 

Traruftr Lithography. In order to overcome some of the limitations of 
lithography as C45rDpared with other methods of pictorial production, artists 
hare for many years made lithographs in an indirect manner, by drawing 
with lithographic crayons oo paper. Tbeee drawings, which are obviously 
made without many of the diaadrantages and Umitations sttandant upon 
work done directly on the cumbersome stones or inflexible plates, are sent 
to the printer, who, by a rather simple process, transfers them to a stone or 
plate and turns out final proofs which are not reversed—that is, the ^ctttre is 
reversed whan it is trao^erred to the stone, and the prints taken from the 
stone reverse it again so that they reproduce the orig^nid point for point. 

In average hands, the resulting proo& are greatly inferior to those ob¬ 
tained by direct drawing on the stone or plate, and a person of any experience 
at all can detect the difierence immediately. For simple sketches or simple 
black and white contrasts they often suffice, but for work of any degree of 
delicacy the process is not to ^ recommended to the average artist; in fact, 
it has been claimed chat such prints should not be called lithographs. On the 
other hand, very fine results have been obtained with tranter papers, 
especially by the leading print-makers of the lace nineteenth century, who 
were consdentious studenti of the process. By the use of spedsUy coated 
cranifar papers, work of considerable finesse and delicacy hat been transferred 
CO zinc plates with much success by experienced speciahsta. 

Spedidly prepared and coated transfer papers can be purchased in two 
varieties: a thin tracing paper and a thick paper. These papers have a 
grain which takes the crayon in a way that superildally resembles the effect 
produced by the average coarse-grained stone. The undesirable textures of 
the drawing in the final proof are caused partly by the fact that a revsrse 
image or negative of the original textures of the crayon marka is deposited on 
the plate or stone in place of the textures caused by the stone itself in tlie 
direct method. Regardless of soperfidal resemblances in the textures pro¬ 
duced, drawing with crayon on paper, as exjfiained on page 17, is somewhat 
different, both in the mechanical acdon involved and in the resiUu obtained, 
from drawing on stone or plate, the tooth of which is tiny pits rather than 
matted webs. The mechanical handling of the transfer will also contribute to 
loss in textural quality, although expert manipulation can keep such changes 
to a minimum. 

The directions and precautions to be observed in making the drawing 
are practically the same as those ior drawing on stone. The paper must be 
kept free from grease. Not so much fi*eedom in manipulating the crayon is 
possible. The prindpal advantage of transfer over dir^ lithography is that 
an easily transportable pad or portfolio is available for ra^nd sketches. 
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Despite the superiorities of direct work on stone, large numbers of 
transfer prints ar« continuallj b« irig produced. The results obtained by the 
use of coated papers approach the original lithographic quality more nearly 
than do those obtained with the coxnioon tracing papers. 

Drawing on Sions. In most mswnces preliminary drawings or sketches 
the exact si^e of the print are made on paper and traced faintly on the stone 
as a guide to the drawing. The usual tracing material, to be rubbed or drawn 
on the back of the paper, is sanguine crayon which contains no grease, has no 
effect on the stone, and because of Its red colour will not become confused 
with the black drawing. Some lithographew prefer soft lead-pendl lines. If 
too many chalk or lead*peadl lines are put on the stone, they may clog the 
grain and interfere with the action of the lithographic crayon. 

The greatest car« must be taken to keep the stone absolutely free from 
greasy impurities and adherent dmt. Breatlung upon the cool stone causes 
condensation of moisture, through which the crayon sUdee badly. One must 
never touch the sensitive surface with the fiogerSi in order to prevent 
smudgiDg some convenient form of bridge may be used as a hand rest. A 
stave from a sraall barrel or keg is the simplest one. 

The main p^t to be observed in regard to the drawing is to apply the 
crayon with the proper touch to obtain the dosired effect. The normal litho- 
graph texture is the grenulsr one produced by more or leas minute portions 
of the paper showing through the black printing ink, even in the heavy black 
areas. The crayon is dragged across the surface with a Mnsicive touchy if 
rubbed back and forth wi^ a heavy hand, it would tend to fill up or overload 
the texture of the stone so that dull, coarse blacks tvould be produced instead 
of the luminous sparkle. The use of flat areas of tusche (mentioned below), 
or of bensol or other solvent, will create dead Aat printing areas ^ such ejects 
may of course be desired at times, but the normal technique avoids them. 
The use of a knife, a pointed rod of abrarive matarial, a herd ink eraser, and 
many improvised tools for scratching out or producing special results, is 
learned by practice and experiment^ the extent to which one may employ 
very delicate sAecu depends upon the capabilities of the printer and is a 
matter of individual discovery. The variations in texture attainable by 
manipulation of the crayon are seemingly unlimited, 

Th$ Crayon. Tha two main requirements for a satisfactory crayon are: 
it should bs of the proper degree of hardness to produce the desired mass or 
line eiTect on the surface and to work in a sympathetic manner^ it should 
contain a correct blend of materials so as to deposit the necessary grease> 
receptive water-repellent printing areas. Crayons in the form of square sticks 
about 2 inches in length, as well as those in pencil form, are universally sold 
in an adequate range of hardness: No. 0, very soft; No. 1, soft; No. 2, 
medium; No. 5, hard; No. 4, very hard; No. 5, copal. Miller® recommends 
Nos, 5 and 4 for most uses, and the softer ones for use in cold weather only; 
he disapproves of No, 5 entirely. The crayons which are intended to be used 
in the customary crayon-holder or portcrayon and sharpened to suit exact 
requirements are sometimes considered more professional than the pencils, 
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which are perhaps easier and more conTenient for the majority of ariistsj 
hut this may be prejudice. Hue pinnts are best made by sharpening with a 
thin blade from the point toward the bolder rather than away from the holder 
in the manner of sharpening a lead pend]. 

An inky liquid which contains the ingredients of the crayon in liquid 
form is much used for pen and brush work, and to produce solid blacks. This 
is called tusche,* nerer, cotrectly, lithographic inkj the latter name apphes 
only to the printing ink employed to produce the final proofs, and its use in 
reference to tusche leads to confuoon. 

Lithographic creyonj and tusche are always black, regardless of the 
colour in which the final proof is to be printed, because the drawing is 
judged and the printing manipidarions regulated Mcording to experience 
gained by working with blackf a litho crayon mede with a red pigment, for 
example, would distort all of the practitioner's judgment, based as it is on the 
black and white technique. Lampblack is used in oayons because it worits 
well, is of the correct texture, and does not interfere with the fuocfioning of 
the process. 

Although the ready-made materials are of accepuble quality for normal 
practice, a few lithographers prefer to make their own, having that they 
obtain superior results from special formulas. The foUo^ng selected recipes 
are typicai of the average materials in use: 
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After being melted in a shallow pan in the order given, the blended materials 
are ignited and allowed to bum for a minute or a 0 { then the flame is ex¬ 
tinguished by covering the vessel. This procedure is repeated many times, 
and imparts hardness to the creyons. Upon cooling, the mass is cut or sawn 
into convenient peces. 

The lithographer who is interested in making his own crayons to meet 
various requirements will seldom be satisfied to copy old recipes, as com¬ 
mercial brands of crayons can be had to match the properties of most of 
these, but he will usually wish to do further experimenting. Brown** UsU 

* Not a customary term in Britain, the liquid is known here at Utbographic 
drawing ink. 
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nearly a hundred formulas in his book and mentions some additional raw 
materials, The following are the properties which Tarious raw materials will 
impart 10 the crayons. The chemical reactions of lithography are noted on 
page 326. 

Ingridienis which rUpoiil siretng printing areas: 

Tallow—^imparls softness andgreasiness. 

Stearic odd—imparts comparatively granular, non-sticky quality- 
Oleic add—softness, greasiness, 

Palm oil—softness. 

Ingredienis Mch deposit less strong printiTxg areas: 

Beeswax—smoothness, adhesiveness. 

Ctmauba wax—’hardness, 

Jspan wax*—softness, soms stickiness, adhesiveness. 

Linseed oil—greoslness end softness, 

27\gr9dUnis which have weak printing action. 

Soap—smooth or slippery quality^ also solubility in water. Necessary in 
liquid tusche. liberates free fatty adds when wetted vrith water. Crayons 
will print but will not manipulate or draw well without it. 

Mastic and other resine—stickiness, solidity. 

Shellac^hardseM. 

Ingredtems which have no printing aaioni small nmounrs u4U impart Jluidityf 
sofinessf or smoothness: 

Paxaflin wax. 

White mineral oil. 

Vaseline. 

The sola function of the lampbUok is supposed to be to colour the crayons, 
but it also contributes a little solidity and drag to their drawing qualities. 
The addition of lye partially saponifies the oils and fats, but under the ccn> 
ditions of the mixture probably does not make complete soaps of them. 

Preparation of the Slone for Printing. First the edges of the picture are 
neatly ruled off and the margins of the stone are tlunoughiy cleaned with 
snakestone and water. A rather wide mar^, at least two inches all around, 
is necessary for convenience in printing. The manipulations as outlined in 
the following paragraphs are usually carried out in the order given, but 
sometimes the order is varied j occaaonally some procedures ore omitted and 
some repeated more than once, according to the p^erences of the printer. 

The Etch. At the beginning of this section the lithographic process was 
outlined, and reference was made to intermediate steps between the making 
of the drawing and the inking of the stone. The principal one is the applica¬ 
tion of tile etch. 

When the drawing has been completed, its entire surface is gone over with 
an acidified solution of gum arabic, which deposits a film on the uninked 
portions and completely desensitizes the stone, making it incapable of further 
grease adsorption. This solution is called the etch, a misnomer carried over 
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from the rery earliest experiments by the inrentor' of lithography, who at 
first attempted to produce relief and intaglio printing surfaces on the atone. 
The etch does not eat away the stone vrith the crayon acting as a resist, to 
produce a raised or relief printing surface. More accurately, it could be called 
a hzatXTe or desensitizer; any smudges or accidental mkings of the blanh 
porrions of the stone wiH not take after the etch has been applied; the xnh 
will be confined to the drawing. 

Both the gum-arabic film and the one deposited by the crayon are 
tenacious and Insoluble, and may be repeatedly sponged and rinsed with 
water and turpentine respectiTely without injury to their water- or grease* 
repelling properties, or to the definition of their areas. 

The stone at this stage is thoroughly desensitized, and the first pert of our 
original outline explanation must be somewhat elaborated; the process 
actually depends upon the fact that the greasy crayon sets up an insoluble, 
greas^attracting, water-repelling condition, and that the acidified gum 
solution or etch sets up a water-attracting, grease-repelling condition, not by 
the action of superfidal, adherent films, but in the surface of the stone itself. 
Further remerks on this subject will be found in the sectiou on chemistry 
(page 326}, After the etch has been applied and the subsequent manipula¬ 
tions have been Carried out, the portions of the stone that hare not been 
drawn upon are so desensitized that even when the stone is dry, if printing 
ink is smeared on these areas, it may easily be washed off with a damp 
sponge. When the stone has been thoroughly wetted, no trace of ink will be 
taken from the inldDg roller by eren the most minute points of exposed 
stone. The further manipulations referred to, although they may be con¬ 
sidered minor refinements from the point of riew of the general underlying 
prindples of the process, are actually of great importance in securing perfect 
results, and the znanner in which they are carried out gorems the success or 
failure of the prinring process. 

A typacal formula for etch to be used on stone contains gum arabic and 
nitric arid. Dissolve gum arabic in the proportion of 1 ounce to 2 or 3 fluid 
ounces of water, and add C.P. nitric arid in small amounts unul a few 
drops of the mixture applied to the face of a stone just barely shows a definite 
bubbling action*—about a teaspoonful lo 3 or 4 ounces of solution, or about 
parts to a hundred, will be required. Too much arid is suspected of being a 
cause of loss of delicate tones in the final proofs. The concentration of the 
gum solution is not a matter that requires accurate measurement. For zinc 
plates the most frequently recommended etch is chromic add in the same 
amounts, with the addidon of 15 or 20 drops of phosphoric add; for 
aluminium, the chromic acid is omitted. 

The etch is ap^ed hberoUy all over the stone with a sponge or wide 
camel-hair brmh, and dried by fanning; after it is throroughly dry, it is 
washed off with a sponge and water. The stone is then g^ven an application 
of plain gum-arabic solution, and again fanned dry. 

The crayon drawing is next washed off with turpentine, whereupon the 
image seems completely destroyed, but the grease-attracting, water- 
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repelUng condition that “was set up in the stone ia sdll there. The stone is then 
rubbed with a smaJl amount of a weak asphalt solution, fanned dry, washed 
with water, and inked while wet. 

The inking roller is a carefully made piece of equipment on the order of a 
wooden rolling pin, smoothly and tightly covered with line calfskin over a 
layer of felt. Loose leather grips over the handles allow for control in mani¬ 
pulation, The manner in which this implement is cared for and used 
throughout the process is of great importance. 

The stone is now cleaned of all accidental defects^ the margins are made 
clean, and, if desired, minor corrections are made on the drawing. The inked 
stone is then well dusted with powdered rostn (to make it more acid-resisting), 
and is re-etched for a few minutes and washed off, after which the rest of the 
process is repeated. When the stone is finally ready to be inked for priming, 
it is placed on the bed of the press, and while thoroughly wet is inked with 
the roller; the prints are made by placing dampened paper on the atone, pro¬ 
tecting it with a clean sheet of paper over which a piece of fibre board is laid. 
Pressure is applied by maaiu of a lever, ind a crank runs the stone under a 
greased, leather-covered wooden scraper, which transfers the inked drawing 
to the paper. 

The crayon drawing is washed out becsuse it is composed of waxes, soaps, 
and other ingredients not desired in the final printing, which is dona with an 
ink made with thickened linseed oil. If the crayon drawing were allowed 
to remain, it would eventually be earned away by the proofs and the inking 
roller, but the dozen or more prints made while traces of it were still on the 
stone would be wasted, es they would bo defective in tonal qualitlee. The 
crayon is formulated solely for its drewing properties and the action it 
causes in the stone; it is not wented after these properties have been utilized 
and the lithographic condition has been sec up in the surface of the stone. 

The Hrst inking or rolUng-up of the stone is an important step in com¬ 
pletely establishing the permanent grease-receplive condition of the printing 
area. 

Printing or IMhographic Inks. Black end coloured printing inks diffei' 
from the colours sold In cubes for ^ painting in that they must be ground to 
the very fmest son of grain and the moet complete disperrion possible, by 
being repeatedly put through powerful and accurately adjusted, roller mills. 
The consistency requirements differ from those of oil colours in thst printing 
inks must be capable of depositing on the paper e smooth, level, uniform 
stain rather than a thick painty layer. The colour effect is generally that of 
water colour, the underlying white paper contributing brilliancy and 
luminosity to the tones; but opaque colour effects ere not entirely unknovm. 

In order to meet these requirements the ink makers produce a very stiff 
paste, cspeble of being spread or rolled out to a level flat film on the inking 
roller, and havlxtg just the nacessary degree of snap or sticky tackiness, com¬ 
bined with a certain oilinees. Specially made litho vamishes, which are heat¬ 
bodied linseed cdls, ore cooked for the purpose, and are commonly burned or 
ignited during the process; their viscosities and other physical properdea are 
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and tie Tanou* grades are standaidiaed and soU bj- 
umverwUy Imo^ nuinbere. litho Tarnishes which are combinations of lyZ 
or more TtscosiUes are often caUod for in Ink formnlas, not t«ause e^ 
TiscMty deseed muld doc be produced, but because^ mixtures wfll give 
^e ™ Obtained by the use of a si^io 

ink'^° <“• «^der is a diluting medium with which a printing 

mk can be made weaker in colour or more transparent without its tody or 
wor^ I^pertiet being altered. Prepared mixtures are sold for the purpose. 

Lampbl^ can be ground in Ulho Tarnishes in the same way oil coUurs 
^ mada at home, but tie resulting meterisi Trould be inferior to the manu- 

of skill and 


Etching 

Etching eon^ of drawing with a Cna steel point, or needle, on a soot- 
blackened metal pUte which haa been coated with a ground of add-ra^atintf 
wax or varm^. In the true etching the drewin^ doee sot depend upon any 
hnei the needle may acraich on the plete; the Unea merelr cut through the 
wax, ex^ng the hrighUy polUhed metal. The |Jate ia aubeequenUy Im- 
mewed in an aad bath, which bitea out or etehee the ezpoaed linea. 

After the etched plate ia cleaned, it la inked, and jgintt are pulled from 
it on a ap^al roUer peea. Edidona of thii^ to e hundred proofa are «m- 
moaly puUed, after which the plate ia cuatomarily deatroyed. Technically, 
the aut of the edition la limited by the abUity of tha metal to endure the 
pj^i^, which eventually wean down tha aharpce« of the linea. If the 
plate u neel-faced or electroplated, clear, dean editiom of aereral hundred 
ftooU may be produced, The <)ueatioo of the number of preofa to be made 
invoivea several contideretiona, aa diacuaeed on page 576. 

The wax coating or redat pnnecta the surfece of t^ pUte and confmea 
t^he aa;on of the mordant to the eharply indeed linee^ but after thia action 
has proceeded a minuu diauoce below the aurface, there ia nothing to 
prevent it from eating away the metel horizontally aa weU aa downward. The 
reault h that the etched line ia an undercut affairi the edges of the linea hare 
htile aolidity or support and will wear awey yrith greater rajadiiy than will 

those of an engraving, whoee groovea have walla which are atraizht-aided or 
bevelled. ^ 

Each «Bp in the etching proceae ia very largely mechanical, subject only 
parually to individual coniroli but the handling of all the stagw and the 
manner in which they are comKned, make for entirely individual and 
senailive resultsi judged by any aiandarde, etching ia a true fine-aru medium. 
If any of the steps are dmjOified or made eaaer by too radical departures &om 
the traditional methods, the result* will usually display some lack in the 
queries expected of an etching. Because the lines made by the needle are 
uniform in width and do not uper or expend aa do those of an engraying or e 
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pen dr&vTiii^, because the ection of add is umform on erery part of the 
exposed metal, and because the pressure of the roller press should be 
mechanically uniform so that the proofs are alike, the artist must, as it were, 
one mechanical step a^inst another in order to exploit the medium to 
the fullest extent^ he cannot control the sensitive quality of line, mass, or 
tone directly or completely in any single one of his operations. A technically 
perfect etching is distinguishable from a mediocre aitompt at a glance; tech¬ 
nique and artistic accomplishment are more closely interrelated in etching 
than in any other graphic medium. 

The PlaW. Smooth, highly polished plates of tine or copper A hich 
thick are commonly used. These plates are fairly easy to obtain at artists’ 
aupply storas; the spedalist in etching, however, usually obtains them &om 
one of the firms which spedalite in etchers* or engravers’ supplies. Copper is 
the traditional choice; it is preferred to the somewhat less expensive zinc on 
account of iw superior crystalline texture or grain, its better behaviour 
throughout the process, and other qualities more subtle, which can be learned 
from an actual comparison of the two better than from a description. 

Zinc plates, however, are adequate when the work is simple and without 
great deUcecy of line or efiect—especially when all the Unes are of equal 
value or not too subtly different in velue. Steel, a more coarsely grained 
metal, Is sometimes etched; it is chosen for use only in the production of 
Urge editions, as in the case of commercial work or book-illustrtuons, end 
is incapable of application to fine prints. The earliest etchers employed iron 
or steel, end overcame Its disedvaatages to some extent by the exerdae of 
much skilful effort, as well as by a realization of its limitations. 

Copperplate etchings and engravings may be, and for Urge editions 
always era, facod or eleotropUted with steel; their resistance to ^e wear of 
continual impressions is thereby greatly increased, but some of the distinctive 
characteristics of copperplate etching may be lost. 

Prtparauon 0 /tht Plau, Before applying the ground, the surface of the 
plate must be made peifectly dean by rubbing it with a soft cloth and one of 
the volatile solvents and a little whiting. If it is discoloured or tarnished, the 
application of a mixture of vinegar and salt will usually remove oU traces of 
tarnish. The exposed metal must present a chemically pure surface for the 
mordant to act upon, and the uniform and complete adhesion of the ground 
requires a clean surface. 

A special holder with a wooden handle and iron jews is clamped to a 
corner of the plate, which is then heated and its face rubbed with a ball of wax 
ground, which is sometimee enclosed in a wrapping of doth. Learning to 
apply the ground in e sufficiently uniform coating is a matter of experience; 
the thidmess will depend largely on personal preference. Some grounds are 
intensely black in colour; others are transparent end require blackening so 
that the scratches of the needle will be visible. This it accomplished by hold¬ 
ing the plate face down and smoking it for a few moments over the flame 
from a number of wax tapers tvristed into a bunch. Some etcliers dislike the 
sooty layer, and dispense vrith this smoking operation, especially when the 
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ground tUj em^oy is intensely Wack. I have triad blackening wax^nlsoniie 
grounds hj melting the wax and then diasolving in it soma oil-soluble aniline 
blat^auch as mgroana. This increases the ground’s blackness and opacity. 

The reqmroments for a perfect etching ground are: (1) it must giye per- 
fe« Prot«unn to the pUte against any concentration of add which is likely 
to he usedj ( 2 ) it must be of the corn el degree of softness so that the needle 
cut cleanly through it without any chipfing, and expose the copper in 
dear, sh^ Imes^ (5) it must not be so soft and lender that it will be easUy 
d^yed by accidental handling or that the scraped particles will ding 
*«rf«a of the place or needle instead of falling away as they 

traditional ground is pure beeswax or a mixture of beeswax and as- 
phalium- This can be and is imjatwed upon by a number of spedal formulas; 
preptoed grounds sold by dealers in etdiing supi^M serve the purpose well 
end few etchers find it necessary to make their own. Among the published 
formulas which have been farounies of yarious etchers is the following, for 
Rembrandt's ground (so called), in parts by weight: 

Yellow beeswax 2 

Mastic resin 2 

Asphaltum 1 

Another version: 

Yellow beeswax 4 

Burgundy pitch 1 

Common jntch 1 * 

* Asphaltum 4 

Instructions: melt ingredienu together carefully with occasional stirring, 
adding them in the ordar named. The molten material is inflammable; make 
small batcbse ^ guard against fire. Some redpas call for white beeswax. 

These recjpee jot^bably originated in the seventeenth century. Paste 
grounds, which are applied with a roller, contain the same ingredients 
thinned down to the proper consisteocy with turpentine or mineral spirit. 

The trouble with most formulas ot this nature, especially the old ones, is 
that the asphaltum, pitch (ronn), and other materials are so unsiandardued 
and vary so much in properties that one always has to do s good deal of ad¬ 
justing and experimentiiig before the redpe begins to work as it should. The 
etcher who makes his own groucds, however, is usually a person who wants 
to experiment. The properties of the various ingredienta are as follovrs: 

fFax. The basic material for the ground; almost good enough alone, but 
needs the properties of the other ingredients to perfect it tJse as much is 
possible, which will probably bo about half to ono-ihird of the mixture. 

Resn (mnmc, damar, or roeah). The least acad-rosistiag of any of the 
ingredients. Use es sparingly as poerible; iu functiou is to set up or harden the 
groimd, to make it leee tender, and to raise its melting pmnt 

Asphalts. Ifighly add-reasting; the softer varieti« will impen flexibility, 
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end th© harder Tarieiife® will aUo contiibute strength and resisunce to 
handling. Asphalt will lend to shorten the mixture or lessen the natural 
stichj adhesiyeness of th© wax. The hardest and most bhttl© asphalt is 
gilsocite, which is like a hard r©nu| the softer, more elastic kinds among the 
standardized Tarietles are Trinidad, Barbados (Manjak), California, and 
Egyptian asphalts- There are a number of other soft asphalts, both native 
materials and bj'products of oil refinenos, which are used induscrially in 
large amounts but which are sometimes di^cult to obtain at retail. Asphalt 
will also colour th© groimd, hut when the ground is spread thinly and evenly 
over a plate t his colouhng will he no more than a transparent brownish ^nge, 
and fOT an mtens© black coating against which th© copper<oloured lines 
incised in th© ground will show up with groater contrast, the plate must he 
smoked. 

Liquid OrcuTids. The prepared liquid grounds are mad© by dissolving 
the solid materials used in the regular grounds in a quick^drying volatile 
solvent. Ether and chloroform are th© traditional solvents in use; the substU 
tution of less dangerous materials from th© long list of modern solvents 
available should be an improvement. The drawback to the use of liquid 
grounds is their tendency to collect dust partidM, which produce weak spots 
in the coating. The liquid ground is applied by pouring it over the plate ^ the 
plate is menipuleted eo chat the ground spreads evenly, than the excess 
ground is allowed to drain from one corner back into the bottle, an operation 
which requires some skill. 

A redpe for a liquid ground which I have used in experiments is as 
follows; malt 4 ounces of beeswax j stir in ^ ounce of powdered nigroeine base, 
or other oil-soluble aniline black, until dissolved. Pour into S ounces of gil- 
•onite which has been melted in a separate can. Kemove from stove end thin 
with a mixture of | ounce of kerosene and ^ ounce of mineral spirit poured in 
slowly with stirring, followed immediately by 8 fluid ounces of toluol. The 
petrdeum solvent is used to start the thinnings if a highly volatile solvent 
were added first, it would cool the mass too quickly, causing it to solidify in 
lumps, and the solvent would boil sway. (All thinning of varnishes must be 
done in places with good ventilation snd in the complete absence of flames or 
electric heaters.) This ground con be made more brittle by adding rosin or 
mastic or by increasing the proportion of gilsonite, and softer by the substi¬ 
tution of a softer asphalt for the gilsonite. A liquid ground can also be made 
by thinning the molten wax with a ready-made solution of asphalt 

Elching tha Platt. The plate prepared for etching is immersed in a bath of 
mordent, which bites or eats away the metal by chemical action- The 
commonest receptacle in xtse is a glase or china tray such as is employed by 
photographers; a wooden tank or one lined with sheets of leed could be use^ 
if necessary. Acid-resisting porcelain-coated metal is not reliably resistant to 
the strong concentrations of adds employed in etching mordants. 

The traditional mordant is 4 ports concentrated nitric acid and 6 pans 
water (concentrated C.P. nitric add is a 68 to 70% solution of HNO^. 
Nitrous add, which is similar in action to nitric add, is preferred by some 
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etchere. Further xemarks coccemmg the action of adds in etching will be 
found under chemi^ (pegee 502 and 527). Before the add is poured into 
the tray for use, it is cuslomary to dip e scrip of clean into it for a few 
moments until it bubbles freely. This iomies or be^ns the dissodalion of the 
aad, and puts it in a condition which insures its immediate and steady, con¬ 
tinuous action upon the plate. During the reaction between the acid and the 
copper, the bubbling which occurs should be watched, and if any bubbles 
start orer areas which are supposedto be jmeciad by the ground or resist, 
the plate must be remored at once, rinsed, dried, and giren further pro¬ 
tection by applying an add-proof Tarnish or reeift to these weak poinu. The 
defect caused by such acddeotal solution is known as false Mtisg. 

After the plate ^ been Unen to tha coma depth to produce the finest 
or lightest Unas desired in the particular work in band, it is removed, rinsed, 
sad dried, and the portions which are to remain finely etched are covered 
with acid-proof resist, appUed with a small brush. The plate is then bitten 
agein to produce the next coarser or heavier Unes, and so onj experience will 
determine the depth to which the verious fc indf of lines should be etched. 
After the plate has been etched as far as one wishes to go, all traces of varnish 
or ground are removed with the appropeieee solvenu, and a trial print is 
made, whereupon tha plate may be re-grounded and any corrections or 
additions made by further etching. There are several variations of etching 
procedure, and some etchers will change their techniques according to the 
particular work in hand. 

Iron (ferric) chloride is sometiraes used as en ingredient of mordents on 
the theory that Its action tends to be more selectively vertical chan that of 
nitric addj that is, the lines will be bitten down reiber than sideways (see 
pige 365). This action is caused by the rapid deposition of salts on the little 
walls of the lines, their surfaces bdog thereby protected from further action 
of the add. After a somewhat longer time, the bottom of the etched Uns also 
becomes dogged with theee selcs and the action ceases. 

Before a plate is immersed in add, the back and edges must be coated 
with a liquid resist or add-proof paint. The usual matarial sold for the pur¬ 
pose is a wlution of asphiltum in volatile solvent, which dries quickly to a 
rather brittle finish and which is suffidently add resisiang to protact the 
plate from etching solutions. Ordinary shellac varnish into which a little 
lampblack has been stirred is also used for this purpose. If a wall of wax is 
built along Che edges of the plate, add can be pou^ upon the surface alone. 

The ebullition caused by the action of nitric add on a metal is rather 
violent (perhaps because a double reaction takes place) and tends to disturb 
the resist coating at its edges; the result is apt to be a coarsening of the Unes. 
For this reason some etchers use the so-called Dutch mordant, a milder 
solution which appears to hare originated about the middle of the nine¬ 
teenth century; it is made by dissolving ^ ounce of potassium chlorate in 
5 fluid ounces of hot water, cooling, and adding ^ ounce of concentrated 
hydrochloric add. Dutch mordant has a milder action on copper than the 
nitric add solution, and is considered more certain to etch fine Unas sharply. 
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Potassium chlorate should not ba used in other mixtures^ it is not a safe eub- 
stance for haphazard experiments. Correct laboratory technique calls for 
slow, cautious addition of any concentrated add to water, nerer water to acid, 

The remarks on materials used in an etching ground apply as well to the 
liquid resists or stopping-out varnishes, except that theee varnishes do not 
have to meet such precise requirements and a larger variety of materials can 
be used, according to the judgment and experience of the user, It should be 
remembered that from the viewpoint of solubility, alcohol-soluble coatings, 
such as shellac, are different from those which dissolve in benzine, toluol, etc,, 
such as the usual asphaltum and wax compounds^ when a plate which bears 
both kinds is to be cleaned for printing, it must be washed with each of these 
typee of solvent separately. The more powerful paint-remover solvents, such 
as acetone, will usually remove both kinds of coatings. Waxes end waxy 
maiarials are used to plaitidze these add-resisting varnishes, that is, to 
render them less brittle, so that when they are scratched through with the 
etching needle, the line will be clean and sharp. If, for example, the highly 
acid-rMisting varnish made of pure gileonite and solvent were scratched vrith 
a needle, the edges of the scratched varnish would chip away in a rough and 
erratic manner. An add-proof etopping-out varnish or resist in the thin 
layers in which it is applied in etcliing, is usually just about adequately 
resistent to the mordant to accomplish its purpose, and cannot always be 
depended upon to resist stronger concentrations of add or to withstand 
inunereion in add for extended periods of time. 

An important consideracion in etching, as in any other chemical reaction, 
is the temperature. In order to secure uniform, oonirolled reeulo, and to be 
able to rely upon former experience in timing the etching periods, careful 
workers wiU use a thermometer. Normal room temperature, about 65* F., is 
standard^ as is usual in most chemical reactions, heat accelerates and cold 
retards the action. 

Sofi-Ground Etching. Soft grounds are made of the same materials as 
the regular grounds, plus 50% of tallow. They need not contain any blacken- 
ing material. When a pUw coated with soft ground is covered with e sheet 
of paper end then drawn upon with a pencil, the ground under the pencil 
preseure vrill adhere to the aheet, and when the paper is lifted away, the 
ground under the linee of the drawing will come away with it, Such a plate 
differs from one made with a needle in that the line can be made to vary in 
sirengih through width instead of through depth of biting, and the plate may 
be biuen without so much use of sloppuig-out operations. The character of 
the line is more or less grainy, like that of a crayon line, depending upon the 
texture of the paper. ^ ^ 

Dry Point. TechDjcally, the dry point occupies a position between the 
etching and the engravings the process is eimple, direct, and autographic, 

A copper place, the eeme kind as is used for etching, is blackened with the 
sort of bluing wax tapers, and the drawing is scratched directly upon its 
surface with a needle whose point must be sharp rather than rounded. Some¬ 
times a diamond point is used. Gramophone needles are popular for use in 
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As illustrated in the drawing below, the natural d:^-point line has a 
characteristic soft effect from the ink depoated by the burr or raised edge. 
Thi* burr is delicate and will not bold up under any severe treatment or 
withstand the wearing presstare of very large editions} when required, it can 
he removed entirely by uang a scraper, the same triangular-edged instru¬ 
ment used in coppa-plau engraving. A sharper line wiU then he produced. 
Dry point is considered best adapted for direct, spontaneous work, and its 
effects are less deep and varied than tho se of etching. 

A(juatini . An aquatint is an etching in mass instead of in lice, and is made 
possible by the application of a spedal ground which contains powdered rosin 
of various degrees of finenees. The add surrounds these particles of rosin and 
bites through to the metal at their edges, thereby creating a grainy effect} 
the irregularities of the grams prevent the texture from appearing mechaci- 


Engraved Etched Dry point 

cal. There is no technical or artisdc objection to combioing line etching or 
dry point with aquatint} almost all aquatints require Use work and rely upon 
it for many of tbair results. Such prints are usually called aquatints, even 
though the major part of the work is line. A great number of variationi and 
modifications are in general use to produce a number of variously grained 
effects. 

Aquatint is practised only by experienced etcheit who have an inclina¬ 
tion to experiment with materials and develop their own methods and 
manipulations} few artists are content to follow any set or standard pro- 
ceduTss after becoming interested in the technique. The prindpal methods 
may be outlined as follows: 

The plate is grounded by covering h with e layer of powdered rosin. This 
is accomplished by dusting the rosin on through a cloth bag, by ufting it 
through sievee from a height of several feet, or by shaking it around in a 
specially made box, then inserting the plate and allowing the powder to 
settle upon it. The plate is then warmed on an electric or gas heater for a few 
moments, which fuses the particles and causes them to form a hard ground of 
granular texture. If this were umnereed in add, the result would be e plate 
which would print a solid area of granular tone} the acid bitee through the 
points unprotected or insuffidantly protected by the fused partides of rosin, 
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which is & 89rD>add>proof material whose resUtance can be controlled hy 
Taryin^ the thickness of film and the duration of etching. 

Another method of graining a ground is to run a plate coated with regu¬ 
lar etching ground through a press together with pieces of sandpaper, the 
operation being repeated as many times as necessary. 

Before the biting, the picture is made by painting upon the grounded 
plate with regular stoppiug-out or resist varnish, end gradations of tone are 
produced by repeated biting and nopping^ut. 

Many varied textures are obtained by such manipulaiions as produdng 
white lines by painting with resist vami^ before applying the rosin, or by 
drawing on the plate with grease pencils which are acid-resisting. 

Pointing Eichings. In etching the printing is so much a part of the com¬ 
plete process that the etcher usually prints his own plates. After he has suc¬ 
ceeded In pHnung a perfect trial proof, he may turn the rest of the edition 
over to an expert printer, but the number of such experts is so limited and 
the effecu are so dependent upon the artist’s personal work, that this is 
seldom done. The planning of the composition, the original strokes of the 
drawing, and the biting of the lines ora all carried out wi^ the final printing 
in view. 

The plate is inked by working the ink into the etched linee thoroughly 
with a dauber, in all directions. When the lines have been filled in with ink 
to the satisfaction of the printer, the surplus ink is wiped from the flat surface 
of the plats. Theoretically, a technically perfect etching should be wiped 
absolutely clean, and the final proof should consist of inked lines clearly 
printed on dean paper, without smudging or other effects caused by ink 
remaining on the fiat areas of the plate. Actually, tradition and taste allow 
for considerable latitude in this connection, and the artist ordinarily obtains 
a number of different effeccs by manipulating the process of wiping the plate. 
However, over-dependence upon accidentel inking exacts is usually con- 
damned. 

The inks used in etching differ from ordinary printing inks according to 
obvious difierences in function^ they are, however, basically similar to the 
others is that they are black or coloured pigments ground into thickened 
linseed oil by rollor mills. A number of satisfactory inks are on the market^ 
the principal variation an etcher will need is in tone or colour. After a little 
experiment he will soon discover the make or type of ink that best suits hie 
particular purposes, and will not usually change unlese he changes the other 
details of his procedure. Etchings are ordinarily printed in normal, true 
blacky Bometimes they tend toward the brownish, or ere even a definite 
brown. Etchings in other colours are rarely made. Multicoloured etchings 
made with single impressions by such procedures ae inking various parte of a 
single plate by hand with inks of various colours, do not conform to artistic 
requirements and are not colour-etchings but coloured etchings. Colour- 
etchings would be made in the same way as other colour prints, by printing 
each cobur plate separately. 
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Engraving on Copper and Steel 

Successful engraving require* a weU-dereloped personal skill in rnanipu- 
lating the graTers, or hurms. The graYcis are tempered steel instrumenta 
^th oblique points and wooden or cori-covered handle* which are detoed 
10 fit into the palm of the hand. The sted is grasped with the thumb and 
fingen near its point, and the edge of the thumb must pre« against and 
glide along the surface of the plate in order to guide the point in a free and 
sensitire manner and to i»^vent it from becoming buried in the metal. The 
plate rests upon a dr^ar leather pad, and is held by the engraTer’s left hand 
in such a way that it can be tihed and rerolved, these motions being co- 
ordinated with the moTements of the graTer and used equally, especially in 
engrtTing curred lines. When the work is finished, the burr which the 
graTer raises in occasional and rariad places must be remoTed by rubbing 
with a few strokes of the scraper bald flat, after which the place is ready for 
trial impressions. The scraper i* a triangular blade with sharp edges, which 
removes the burr without injuring the plate. Printing is done as in the case 
of etcUngs, except that after the ^ates are inked they are wiped very dean; 
the printing of an engraving is an altogether mechani^ operation. 


Woodcuts and Wood Engravings 

The term woodcut is correctly applied to work done by cutting out the 
surface of a smooth plank of hardwood with a knife, aided by the use of a faw 
V and U gouges for more delicate fines. Seasoned plaska of apple, pear, 
cherry, beach, and sycamora of type-high thicknesa ('SIS inch) are 
used. 

The term wood engraving is applied to work done on blocks made by 
sawing the wood so that tha surface is the end of the grainy and instead of 
knives and gouges, gravers are used—the same tools which are employed in 
metal'plate engraving. Carefully prepared blocks of boxwood are sold for 
this purpose, as wall as pear blocks, which are considared second choice but 
are adequate for most uses. Compared with woodcutung, wood engraring is 
eesantially a whit«-iine-on‘black>background technique; that is, one works 
from black to white to a greater extent than when cutting on a jJ anV where 
larger trees of white are indeed end the black and white masses are manipu¬ 
lated more equally. The earliest mesters of the woodcut produced work of 
strength combinad vrith delicacy of line, but the technique is at present con¬ 
sidered more adaptable to robust, free work, while the wood-engraving 
technique is preferred for work which requires more refinement or accura^ 
of line. The modem print maker will more oRen than not combine both 
techniques on a single block. 

At the peak of its development during the nineteenth century, wood 
engraving was used prindpally as a means of reproducing drawings and 
photographs, and its characteristic qualities were subordinated to the pro¬ 
duction of imitative effects. Its use as a purely artistic technique is modern. 
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Minor Graphic Processes 

Under lhi$ heading may be grouped several techniques which for various 
reasooa seldom attain the dignity of seriously developed art media. Their 
limitaUons or qualities may be more suited to light or decorative work than 
to slguificent or 'monumental’ art, their processes may not be amenable to 
precise control, or their effects may be lacking in appeal to discriminating 
test*—usually for sound reasons. 


Linoleum Cuts 

The limitations and restrictions imposed upon an artistic medium by 
certain intractable materials are overcome by a competent mastery of the 
technique; exploitation of all the medium’s desirable qualities then becomes 
pOHible. As a result of this, a certain element enters into the work which 
enhances it, according to most artistic doctrines. In such traditional tech> 
ciques, the substitution of newer materials which lack some of the properties 
of the old materials, and which do not present such difficulties, will result 
in effects which lack this element; it is for this reason that the easily cut 
linoleum is less esteemed by artists than is wood. The linoleum will not take 
vary delicate or subtle cutting, and its characteristic effect is composed of 
rather blocky or poster-like forms. However, the technique enjoys a certain 
popularity among artists for the production of less important and more csjual 
work. 

For the most part, the remarks on woodcutting apply to linoleum cutting; 
lighter-weight tools made for the purpose are now sold is piece of the regula¬ 
tion wood-carving knives and gouges, but they are less satisfactory. Lino¬ 
leum is composed of burlap coated with a heavy layer of Hnoxyn, which is 
made of polymerized oil mixed with ground cork and pigmenu, The best 
grads is knovm as battleship linoleum, and is usually brown or grey. If 
desired, it may be mounted or purchased ready-mounted on wooden blocks 
so thet the cut is type-high in order that it may be taken by a printing press. 
Small, inexpensive presses may be purchased or improvised; when regular 
printing ink is used the printing presents few difficulties. Fairly satisfactory 
(but not perfect) impressions may be made even by such makeshift pro¬ 
cedures as placing the inked linoleum cut and the paper between boards or 
between the leaves of mogozines, and bearing down on them heavily with 
one foot. 


The Monotype 

The monotype occupies a place between the graphic sru and painting, 
the proofs being unique and not precisely accwate multiple reproductions. 
Because these proofs are indirectly produced and printed on paper, and 
because usually an artist turns out an edition of several copies or versions of 
the same subject, monotypes are generally classed among the graphic aru, 
They usually display accidental effecu; ordinarily no effort is made to pro- 



SILK-SCREEN PRINTING 

vent this, and only apjntaimat© results are expected in the making of 
duplicates. 

The ustial monotype is a pninTing tn any convenient medium which does 
not dry too ra|idly—ordinary cH paint, printing inks, or even aqueous paint 
—done on a metal {date or a sheet of pUte glass, either freely or following 
a transferred outline drawing. A sheet of paper is laid over the painting, 
held iirmly with the fingers of one hand so that there is no lateral movement, 
and rubbed with any convenient implement to effect the transfer of the 
painting. Many variations suggest themselves to artists, and there are few 
standard methods. 


Silk-Screen Prjnting (Serigrapht) 

I have placed this procaes among the mioor techniques, not for any of the 
reasons noted above, but because it is of such recent development that no 
widespread use by large numbers of artists and no standardisation of materials 
have been possible as yet The method is simple in principle and execution { 
it is basically a stendl process, where the de^ns are pU^ upon a piece of 
fine-mesh silk tacked to a wooden frame, various film-forming materials 
being used as resists. The specially made coknir in the correct semi-liquid 
consistency is poured into the frame, the frame is placed in contaa with the 
surface to be printed upon, and the colour is scraps over the stencil with a 
rubber squeegee, thus being deposited upon the paper or other ground 
through the meshes of the uncoated areas of the silk. The wooden frame 
upon which the silk is stretched b made about two inches deep so that it 
forms a box (with the silk constituung the bottom) within which the paint 
can be conveniently manipulated with the squeegee. Although successful 
monochrome prints can be made with one impression, almost all of the 
development work on silk-ecreen printing as a fine-arts medium has bsen 
done with the aim of producing odour prints in a full, unlimited range. 

In the past, artisu have taken up many staocU processes for the multiple 
production of their v^rks, but because of technical limitations none of these 
have developed beyond the status of minor techniques or mechanical reprt^ 
ductive processes. The silk-screen techniques, however, present all the major 
attributes of a true graphic-art medium, and if thrir development proceeds 
in the future as it has up to the present, they should soon attain a per¬ 
manent place among the accepted graphic-m media. The name serigreph 
has been proposed as a designation for an artist-made tilk-screen print in 
order to distingubh it from tilk-«cjeen work that has been executed on an 
indiistrial or purely reproductive bans. The prints may be described as 
semhling gouache paintings, with some colour-lithograph qualities, speciiic 
effects varying according to the technique or style of the artist. 

The origin of the silk^creea procees bac been explained in various ways, 
but its development as an art medium stems directly from the advances and 
standardizations made in its industrial use during the past two decades. An 
early adaptation of the process was the decoration of tertilse in loose, free- 
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hand patterns, the resist portico of the stencil heing painted with an opaque 
oil paint or lacquer, and starch- or gum-thickened solutions of water dyes 
being used. With the introduction of Profilm,* a patented material which 
replaced the liquid resist, the process became more adaptable to use by 
individuals and decorath^ departmenta of various establishments, as well ^ 
by workshops which spedalized in silk-screen printiag for various purposes. 

Today these activities have assumed the proportions of an important in- 
dusty served by a number of dealers in supplies and equipment. ProHlni 
conswts of a thin film of coloured cellulosic or synthetic material of the type 
that 18 readily dissolved by the various lacquer solventa, mounted on a sheet 
of glisdne paper with rubber cement, the whole transparent enough so that 
drawings can be traced through it Stencils are cut from this material with a 
small, very keen itencQ knife, care being taken to cut through the film but 
not throvgh the paper- The cut-out areas are removed, and the finished 
stencU is made to adhere to the frame-stretched silk by placing it face down 
upon it and applying lacquer solvent to the back of the silk, whereupon the 
film will partially dissolve; v^hen it hsu dried it will adhere, The paper bsck- 
ing is then peeled off. After the margini around the stencil have been coated 
with a lacquer remt and the edges protected on both sidee with gummed tape 
or similar materiel in order to make a tight seal between the silk and the 
frame, the siendl is ready to print. The tape as weU as the wooden frame 
should be shellacked. 


ms procM. it spplktble to work of lomo delictcy, ,uch tt fine lettering, 
tlmple de^ne, potters, etc,, end moy be used elone for tome types of trtistic 
wk, but for the completely controlled intricate printing areas demanded by 
free arwuc dra^ng, modifications must be employed, The film process may 
be used as a basis for or in combination with ocher methods if desired 

sponsored as a fine-arti medium by 
the New York WPA Art Project, which organized a producing unit for sUk- 
s^een prims as a division of its graphic-aru department. The development of 
the pro^ for awsts use is due largely to the work of Anthony Velonis, who 
has made considerable progress in eetebJishing and standardizing techniques 
and m furthenng th^ adoption by artists, The following outline is based 
largely upon his practice and recommendations. 

Tho fruae. sturdily huUt of good rimbor obout 8 x 2 inche,, and 
/!!?' «moy.blo pins .re futened to one of the long ed*es 

(rrferr^ to here m the b«± edge) « th« the fremes o.n be hin^to the 

The rilk wT **" ** inte?^ged. 

The nik used is sold for the purpoee m two iveeves, bolting cloth uid t.ffeta 

or slen,^ weave, m many degrees of mesh, from 00 to 18 NnmLrs 

12 ^d 14 are average. Th^ silk i, tightly stretched by tacking it on tha frLe 

or by uong a s^al clamp frame, after which the margins and edges are 

treated as preinousiy described. The frame must be largfSough so tlH 

margin can be left around the drawing for manipulation of th, pit. 

Pnntmg TOons ^e fadlitned if a scraen-door spring is iachad to an 
Selecusui* Sdk Screens Ltd., 11 Southampton RowW C 1 
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upright at the back edge of the table, and hooked to the side of the frame 
near the front edge so that the frame is held up some inches abore the table 
and is in con t act with the paper onlj while the print is being made. Registers 
similar to those used when paper is placed in a printing press, are made 
gluing three small squares of thick cardboard or cellul^d to the table as 
guides for holding the paper in place, two along the front edge and one at the 
left near the front. 

Before the printing operations are started, the iable' is propped up at an 
angle on the actual table or horses upon which it is used, bj placing a length 
of wood under its rear edge. 



Tutchs-F'ashout Mahod. Fasten the original dnwing or painting to the 
table with drawing pins or Scotch tape in such a mannar that after it is 
remoTed it can be rej^aced again in the identical spoc Let the prepared and 
taped screen down over it and irith a pencil trace outlines or guide points of 
the colour area to be printed. 

Paint the picture directly upon the right side or top of the silk with litho¬ 
graphic tusche (see page 581), caring various brushes and manipulations, 
according to the effect desired. Allow to dry. Prop the so'een at ths comers so 
that it is level, right side up, and coat entire silk, including the dravring, with 
glue applied evenly and neatly with a squeegee. A good mixture is Lepage's 
liquid glue 50, water 40, vinegar B, glycerin 2. When this is dry, repeat the 
glue coating and allow to dry again. Turn the screen over, and impregnate 
the tusche areas with mineral sporit or kerosene. Place the screen on news¬ 
papers, right side up, and apply more of the solvent liberally, spreading and 
rubbing gently vrith a neatly f^ded rag. Remove the top sheet of newspaper, 
add more solvent, and continue nibbing unril the tusche is washed out. The 
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g^ue OTer the tusche will flake away^ use'a nail brush to remove obstinate 
spou if any remain, When the printing areas are entirely clean and clear, the 
design will be surrounded by a glue resist, the silk is ready for printing, and 
the frame i$ replaced in the table hinges. 

A wide variation in temral results can be achieved by drawing on the 
screen with a No. 2 lithograph crayon. Sketch in the printing areas with a 
lead pendl as described above, then place the screen over any dedred tex¬ 
tured material such as sandpaper, a file, engravers’ Ben Day plate, Ross 
board, egg-shell board, etc., and work with the crayon over the areas to be 
printed. Apply the glue resist and wash out the crayon as in the regular 
tusche method. Crayoae may be used either alone or in combination with 
tusche or other methods. 

Simple Cut-In Method. Instead of producing the priming area by direa or 
positive working, one may outline it in a negative technique, that is, by 
painting the silk around the drawing with glue or lacquer and leaving the 
printing area open, This method is rather difficult to apply to designs of any 
great iinesae, but it ia very useful for free, loose work and can be used to 
produce a good deal of variety. 

Giui-Shellac Method. Squeegee the glue eolutioa over the entire ecreanj 
when it is dry, touch up any pinholes with a brush. If there are many, a 
second very thin coat of glue may be used. The screen vrill be transparent 
eno^h for the drawing to be traced through it. Using a brush and black 
^eUac or black lacquer, cut in the areas which are not to be priaiad. This can 
be ^ne much more affectively here than in the preceding method because 
of the good surface created by the glue. 

Touch up errors, pinholea, or thin spots with additional shellac or lacquer. 
V^aa ^ scrsen is dry, prop up off the table in a perfectly level position, 
nght side up, and wash the glue out of the printing area by going over it 
very carefully with a clean soft rag dipped in water. Wring out the rag, pick 
up excaas water, and repeat? tiia glue diasolves only gradually. Do not flood 
the i^an with too much water, Continue applications until the printing 
area ti dear, then wipe with a dry doth. Work only on the top side of the 
ecreen, Thw kmd of staacU prints fairly sharp outlines and holds up wall for 
long runs, but is not often used by artists, 

Oih^ Methods. A number of less effective methods are in uses they are 
applicable pnncipaJIy to simple or crude designs. A reverse process, that is, 
one unng a water-msoluble resist end aqueous paint, might hare desirable 
properties, except that a water paint bee a tendency to cause the silk fibres to 
warp or expand and thus throw the work out of register somewhat. The 
mo« developed aqueous paint method employe Profilm, applied by ironing. 
Another one is a rerewe of the method described with tusche, in which the 
^ng area is painted with a water-soluble peint or glue, and when this is 
dry the enure screen is coated with imitation shellac (real shellac being too 
d^colt to remove from silk *:reens). The glue or paint is then wash-out 
of the screen with water from both sides, and the finished stencil is dried and 
pnnted with an aqueous paint. Despite much effort, a perfect water paint 
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has not been developed^ the most successful hsTe been made of starch paste, 
honey, ^ycerin, and preservative. Metal screens may be had in very fine 
meshes and are not affected by aqueous mediunas, but they do not work out 
well in practice i they are expensive, awrf the slight accidental contacts in- 
yolved in normal handling, which do no harm to a nlk screen because of its 
elasticity, will ruin a metal screen by caunng permanent dents. 

Multicolour Prvtis. The methods for pr^ucing multicolour prints are in 
general the same as those used in any grt|duc colour-printing pmcess, except 
that the serigraph has the advantage that a key screen which will print the 
complete design is in the great majority of pictures unneceesary or unde¬ 
sirable. The number of uAom and textural effecu which may be employed 
is unlimited, and colour appUcations may be continued indefinitely, the same 
as in a painting. Transparent and opaque areas may be manipulated in many 
ways, and there is no appredable expense attached to the use of a dozen or 
more separate screen impreenons if denred. The paint is carefully rinsed out 
of the screen at the end of each run^ tha same stencil may be reprinted in 
another colour or partly blocked out and repnntad in partj when the reust is 
no longer required, it is carefully removed hj washing it vnth the apprcpphate 
solvent, and the screen is ready to recmve another drawing. Two ^k screens 
will be sufficient for the average artist’s use. Depending upon the tize of the 
editions and the number of colour imprescions used, the silk will eventually 
wear out and require replacement. 

Equipment. All the equipment and matarials for the process may bs pur¬ 
chased from the regular dealers in silk^creen supplies* and from some 
artists’ supply stores, et prices which are very low in comparison with the 
cost of the usual graphic-pnnting equipment) the mechanical items can ba 
made by simple carpenuy if necessary. 

The material sold as transparent base is • vasaline-like paste of alumina 
hydrate ground in the same vehicle as the pigments with which it is intended 
to be mixed to produce transparent efiects. Its use is an important factor in 
the production of good piints. It may be mixed with regular artists' oil 
colours, if desired. The mediums are formulated to work well in the process 
and to dry very rapidly—needing from a half-hour to overnight. 

Furt^r Improt^TnenU. The paints used at present are industrial products 
and are not formulated to conform to ertisu’ criteria of permsuance. 
Although it has been pointed out ihet they are of the same quality as prinv 
ing inks, it must be remembered that printing inks are appli^ in thin layere 
which act as mere stems on specitl papers, while serigraphy deposits a real 
paint film. The paint-film ebarecter, whether in thin glazes or opaque layers, 

* Though there is contidereble activity in commeroal nlk-screen printing in 
Britain, not enough ertwU have interefted themielves in the pmceia to encourage a 
tingle retail dealer in ^-toven supplies or to encourage the Artist’s Colourman to 
rto» sp^alis^ matari^. The organdie i$ in short su^y and preference is given not 
only to known trade customen bat to evders for larger quantities than the private 
ardst would normally require. It is suggested that artists interested in the process 
approach one of the several tilk.soeen printen listed in the Trade Directory, who 
may put him in tcu^ with an unenahle sooree of supply or coxuent themselves to 
furnish him with ^e small qaantities he would require. 
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is one of the outstanding i^ualities of the finished prints and contributes 
largely to their optical and artistic succeea. In this connection^ it must be 
remembered that any paint layer is subject to a number of eventual defects if 
not carefully formulated. Simple tests would indicate whether or not the 
ingments and mediums used in the industrial products meet artists' require¬ 
ments as to permanence. The composition of the mediums used in the present 
commerdal paints is unknown^ the coloun bear fantastic designations, and 
the earth pgments are missing from the Lists. There is no reason why 
mediums and colours cannot be formulated to meet artists' requirements. 


Some Notes on Sculptors’ Materials 

These notes were assemblad for the purpose of beginning a study of the 
properties of various materials used by sculptors, the literature of which is 
scant. 


MODfiLUNO MaTBRULS 

Modsihng fFax. The simplest modelling material is s prepared non* 
hardening plastic substance universally sold for the purpose. The traditional 
high-quaUiy material, which originated in Italy, is a mixture of callow, sul¬ 
phur, and a special type of clay. It lasts indefinitely and can be used over end 
over again, so long as it is kept clean. It has just the proper mechanical or 
plastic properties, sind is customarily of a grean'grey colwr. Modelling waxes 
are sold under a number of trade-marked names, such as Plastidne, etc. The 
cheaper grades ere imitations of the original material; tiiey generally hold 
their shape well and are adequate for most purposes, but are sdways inferior 
to the bast or profeesional grade. Their composition varies; they are usually 
made of clay, other inert filler, and colouring matter, combined wltii various 
petroleum or paraffin greases end cnla. 

Clay. Qsy is a native earth consisting largely of kaolin combined with 
silica. Many varieties of clay occur in nature, and various small percentages 
of impurities are the chief causes of their distinctive properties; for every use 
there is a best-suited vsrie^. When wet, all clays are plastic to some degree 
and con be modelled; if the moulded objects are fired in a kiln or furnace at 
high temperatures they become hard and rock-like, retaining their shapes. 
Some of the most plastic modelling clays, however, are not well suited to 
ceramic uses. The varying degree of plasticity in cleys has been attributed to 
a number of chemical or physical causes, and the question is still greatly 
disputed. 

Sculptors’ clay is selected for plasticity and moisture-holding propertiee at 
a sacrifice of other properties which are importoni in potters' clay. Sculptore' 
clay is used only to make models which are to be cast in some other material 
eoon after they are completed. Useful varieties occur in all parts of the world. 

Sculptors' clay will last indefinitely in its original powder state or if kept 
in a wet or moist condition; when it is much kneaded and aged in the moist 
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state it improre* in plastkdtj. If w« daj is allowed to set and harden, a con- 
siderable amount of reworking, nsoally by mechanical means, is required to 
bring it back to its smooth plastic form^ on account of its low cost and the 
labour inTolved in reworking it, hardened plastic clay is ordinaHly discarded. 
When a piece of sculpture is being moulded io clay, it must not be allowed to 
diy out, because of the cracking and shnnkage which would ensue ^ it must 
therefore be moistened by e liberal spraying or whisking of water every 
twelve to twenty-four hours, and in the average climate is best wrapped in 
damp cloths and then covered up to minimize evaporation of moisture during 
periods when the work is set aside. This is most easily aoco ^ pl i f h ed by con¬ 
structing a light, movable framework covered with oilcloth with the coated 
side in. Wet clay is stored in e paU or tub, it is covered with wet cloths, and 
the container is closed with a tight-htting lid. 

Ttrra cottc is a ceramic clay usually but not always containing iron oride, 
which imparts a characteristic reddish colour to it. Pale, whitish varieties are 
also in use, as well as those of intermediate colours which are obtained by 
mixing clays and by adding small amounts of iron oxide or other colouring 
ingredients^ but the traditionai tam-cotu odour is a pale tile red, such as 
would result from mixing burnt sienna, white, and a little red oxide. Sculp¬ 
ture modelled or cast in this material is directly 6red in kilns and made per¬ 
manent and durable. Its siufece may sometimea be coloured, glaaed, or 
enamelled with various ceramic materials before firing. 

Piaster of Paris is described on page 524. 

Stones 

The use of a Hoe snow-white or creamy-white native roarble of smooth 
crystalline structure by the aocieni Greeks esteblished tbia material as a 
traditional standard for artistic sculpture and architecture in Europe. The 
Romans perpetuated this tradhioo by »»«ing rimilar white marbles^ they also 
carved many other native stones. In England and America the stinderd 
merble, and for many years in the past the only acceptable standard sculptors* 
medium, has been the pure white or slightly toned Carrara marble from 
Italy. Sculptors, however, have always employed an almost unlimited number 
of stones of various colours, textures, and degrees of hardness, durability, and 
ease of manipulation. Each one is selected not only for its technical Htnets 
for the work in hand but also for its appmprietenese to the nature of the 
work. 

All stones are perfectly durable and permanent when preserved under 
normal indoor conditions, but for outdoor use they vary greatly. The condi¬ 
tions which outdoor sculpture have to withstand are both chemical and 
mechanical, and include wearing or abrasion destruc^n by water, frost, 

the action of acid or edd-forming gases in the atmosphere. Few stones 
will withstand great heat, as in the case of fires. I do not know of any re¬ 
searches into the durability of artisnc stone sculpture under exposure to 
weathering, but from the studies wMch have been made of different kinds of 
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building stone subjected to the severe conditions of indusuial centres, it is 
clear that great care is necessary in the selection of stones for outdoor sculp> 
ture. The remarks on pago 229 regarding the durability of outdoor frescoes 
and the effects of normd and polluted atmospheres apply also to artistic 
sculpture. 

Marble and lAmesione. Chemically and geologically, limestone and 
marble are closely related. Both are usually composed of more or less pure 
caldum corbonete^ eome marbles are dolomites—calcium-magnoMum car¬ 
bonates containing appronmately two parts of magnesite to three of cakite. 
Commercially, the term marble is used in a broad sense, and is applied to 
many of the Bner varieties of limeetoae, pardcularly those which are close- 
grained and will take a polish or will display decorative patterns or colour 
effects when polished. For sculptural purposes, marble may be defined as a 
smooth, close-grained, compactly crystalline calcium carbonate, capable of 
taking a smooth, high polish^ it is usually wliite, although coloured marbles 
in great variety are also used. limestone in this connection is softer, more 
easily worked, and commonly of a characteristic light grey or tan colour, with 
a smooth, close'grained, but rather dull and sandy Instead of crystalline 
texture, which takes a mat surface rather than a high polish. A glossy polish 
on marble is never durable under outdoor conditiofu. Oclitic limestones ere 
composed of small, rounded grains bound together compactly. 

Because marble consists of practically pure celuum or magnesium car¬ 
bonates, it is extremely sensitive to tlie solvent acdoa of air polluted by acids 
—principally carbonic acid from the carbon dioxide normally present in the 
atmosphere, end the sulphur acids which originate from smoke and soot, 
both formsd by tha action of xncisturs. Marble is not an indefinitely per¬ 
manent stone whan exposed to the elamants or to the atmosphera of Indui- 
tnal centres, as can be seen by the wearing away of old gravestones and 
monuments, espedelly those which have been subjected to the high concen¬ 
tration of atmospheric impurities in cities. There is considerable difference in 
the resistance of various marbles to atmospheric action, however, and the 
dense varieties selected for sculptors* use arc among the most durable. The 
occurrence of flaws or defects in tha interior of a block of marble is a matter 
that cannot be foreseen, but in general these defects occur with less frequency 
among the selected grades than among the others. The better grades of 
Italian statuary morUes are particularly free from major flaws, but some¬ 
times contain 'pioholes’. Only the most compact and hard marbles and lime¬ 
stones should be used in outdoor sculpture. 

Oolitic limestones occur in England in great variety, the strata extending 
from Portland Bill through Somerset, Gloucester, Oxfordshire across the 
Midlands to Northampton and Lincolnshire, The west country obUtes are 
known as Bath Stones. Colour varies from almost while (Beer and Burford), 
through yellow (Doulting) to a deep yellow hiwn (Ham Hill) in the soft 
and medium limestones of which consistencies the following stones are 
represeniitive: sorr-^Beer, Box Ground, Burford, Campden, Coombe 

Dowd, Corsham, Doulting, Guiting, Monks Park and NaiUworth? medium_ 
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Anca$ter, Clipsham, Hsim Hill and Pordand. The last named is the most 
generally useful and adaptable of all stones. 

The harder odlitea—Gr^ and Blue Forest of Dean; Grey and Blue Lias^ 
Grey, Blue and Brown Yorkj and Hopion Wood partake of the nature of 
marble. All are difficult to work, the lies stones and Hopton Wood, a pale 
brown in colotir and the most beautiful of the English marbles, may be 
polished. 

Most o^iJitae, particularly the Cotswold stones, carve more freely when 
they are freshly quarried. 

The most desirable grade of Camra marble is known in the trade as 
Italian Statuary, a enow>white or O’eamy-white stone of compact, 
crystalline grainy it is the standard for working qualitiee and finish. The 
grade called BUnco (Bianco) P. is a bluish>white variety of the same general 
properties. 

A m o n g the many limestones, the French varieiies enjoy the best reputa- 
non among artists^ they are mostly cream-coloured stones with excalleni 
sculptural properties. Some of the principal names are Caen stone, Peuron, 
Lotharinga, EuvUle, and Normaodeaux. Soft, porous limestones may w«gh 
as little as 110 pounds per culw foot, and the compact varieties 150 to 170 
pounds. Limestonee vary in colour from white to black; most of those in 
general use, as stated above, are pale tan or grey. 

S<uidston€ is a porous material composed of fine perticles of silica; dif* 
ferent varieties have their grains cemented together by calcium carbonate, 
clay, iron oxide, or silica binders. The last-named material is the most 
durable. The English sandstones occur in the Midlands—in Warwickshire 
and Stafibrdshire. The principal varieties are—Brown and Blue Homton, 
Red Midland, Robin Hood, Runcorn, Mansfield, Retton and Hollington 
(gritstone) of which Robin Hood Is the hardest end most difficult to carve, 
Hornton the easiest, but in all cases the abrasive action of the rilica blunts the 
tools. Their colour, with the exception of Blue Homtoo which is a bluish grey, 
lies within the brown-pnk (Robin ^ood), yellow-pink (Retton) range, the 
Red Midland sandstone having the precise hue of milky cocoa. Sozne sand¬ 
stones disintegrate quite rajndiy when used outdoors, while others are among 
the most permanent of stones. Freshly quarried sandstone often contains 
natural moisture (quarry water) which dries out after cutting; such stones 
become harder, lets porous, sod less easy to carve. 

Brownstona is a sandstone which contaius iron. 

On/x marbU it a translucent varied of marble which when polished 
acquires a glass-like qualiQ' and ezhilnts layers end figurings of a variaty of 
colours. It is seldom used for artistic sculpture. Usually it is available only in 
small pieces. 

Alaha^tr is a pure, snow-white, translucent or seou-transluceut stone; 
two entirely difiereut minerals of simiUr appearance have been used under 
this name. The material which has been in common use for many years is a 
variety of gypsum (caldum sulphate) which occurs in large solid masses. It 
is very soft, can be scratched with the finger nail, and is durable only under 
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conditions of careful conserf ation. It can te blocked out with a hand saw, 
Inferior pieces sometimas contain brownish veins and donds. The other 
kind, which was used by the ancienw, is pure white calcite, a native celdum 
carbonate of definite crystalline structure, really a type of marble. 

Orardts is a much more compact, durable mass than marble^ it is carved 
with greater difficulty, and for outdoor use is a stone of far greater durability 
and permanence of polish than marble. It occurs in many variations of com¬ 
position, colour, teactuxe, and hardness, The most durable kinds are well 
known for their use in building construcrion and are generally of a greyish or 
reddish colour. They consist largely of dlica and silicacee. Geolog^ally, or 
from the viewpoint of their origin, granites are in a different class from the 
other stones mentioned herej ih&y are cut from igneous rocks, formed by the 
of molten material^ the other stones are dassed as sedimentary rocks, 
deposited by water from the decomposition of other matter. 

Soapstone is a silicata of this same classy it is rather soft and easily worked, 
but wiU redst great heat and severe chemical conditions. Because soapstone is 
so esisily worked it was used by primitive races for making implements, 
cooking utensils, and sculpture. « 


AVShAGE WB10HT6 OT VAAIOVS MATEMALS IN POUNDS PBA CUBIC 

FOOT* 


Alabutsr Ccarbonate) 

170 

Alabaster (sulphate) 

145 

Brick 

120 

Cement (solid) 

196 

Clay, dry 

120-160 

Ctork 

16 

Glass 

150-175 

Granite 

170 

Limestone (average in 
Metals 

general use) 160 

Aluminium 

170 

Bronte 

620 

Iron, csist 

449 

Iron, wrought 

480 

Lead 

708 

Marble, average 

162 

Mortar, lime 

105 

Plaster of Paris 

140 

Sandstone (average) 

155 

Soapstone 

170 

Terra coua 

121 

Compiled from several sources. See ps§o 41S for woods 
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Cements 

Cast StQn£ and Cast ConcraU. Modeb in claj, or modelling wex 

may be sent out to be cast in ard^dal atone, a material wMcb can be nude to 
dup l icate exactly almost any natural stone in colour or texture, and tbe best 
varieties of which are at least as durable as the stones generally used for 
carving. The process reqiures expert workmanship, and although there are 
many establishments that can produce cast stone of e quality adequate for 
average architectural use, there are few craftsmen who can turn out sati^ 
factory casts of sculptors' work of the proper degree of durabili^ and strength. 
The material can be reiinished, carved, and polished after casting. The usual 
composition of commercial cast stone is to that of a high-grada Port* 

land cement «yid sand mixture, but the individual workers on artistic cast 
stone will seldom g^ve out any information regarding details of their process. 
A magnesia cement, as deecribed below, is probably used more often than 
Portland cement. Aside from the durable and varied rasults, the chief ad- 
vantage of these methods over the duplication of models by commercial stone 
carvers is the saving so expense. Instead of using casting methods to duplicate 
the effects of carved stone, sculptors are beginning to employ it in an entirely 
separate technique in which its own properties can be used to achieve new 
effecu, especially In colour. 

Portland Gtmsnit so called from iu resemblance to an English building 
scone, is la artindally compounded mixture of lime, silica, and alumina, 
made by caldning limestone and clay in kilns or furnaces. Some viriaties are 
made from a natural mixture of these materials which occure in certain 
localitias. All brands of cement vary in properties in accordance with the loca¬ 
tions of the factories, cement being made in places where all the materials 
can be quarried locally. Native and artificial cements were iwed in ancient 
Rome, where the latter were made from slaked lime mixed with a fine 
volcanic ash, notably that obtained from Posuoli. Such materials are still in 
use to a limited extent todays they are called Puxzoltn cements. A white 
variety of Portland cement is also on the market^ this is somewhat inferior 
in strength and other mechanical properties but is vridely used for its colour 
effects. Cement is sold in 94-pound bags and must be kept dry^ preferably 
it should be fresh stock. 

Neat cemenif or pure cement and water, is not used for structural pur¬ 
poses very often. Cement mortar is composed of cement tad sand mixed with 
water, usually in the proportion of three perts (by volume) of sand to one of 
cement. Concrete ie a mixture of three ingredients—•cemant, sand, and 
coarser pieces of crushed stone or samilar inert material. The coarse ^eces are 
called the aggregate^ The addition of about 2% of plaster of Paris to cement 
mortar or concrete delays its setting} the substitution of hydrated lime up to 
10% of the volume erf cement makes the moitar more plastic without 
changing its properties appreciably, except that a slight additional denseness 
or water-resistance may rvult. The sand sod also the coarser pieces, or aggre¬ 
gate, perform the same fimcdon as the sand in lime mortar described under 
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Fresco Painiin^y tut the herdening and setting of concrete is e more complex 
and less well-understood process than the hardening of lime mortar. The 
assorted sizee of the sand grains and aggregate hare much to do with the 
strength and compactness or porosity of the resulting mixture. After the 
initial set, which starts as soon as tha water begins to oTaporate, caet concrete 
must remain in its mould or forms for at least a day and, aftor it is removed, 
the rapid-setricg variety will require about a week to attain its full strength^ 
the elow-setting veriety will need a much longer period. Cement is hydraulic, 
thet is, it will harden or set under water, and after casts are removed from 
their moulds they are often immersed in water or covered with wet cloths for 
the pvpoee of curingthem while they are seccing. 

Cement end concrete mixtures may be coloured by the addition of pig¬ 
ments up to 10% of their volume. The following pigments are in use: 

Black —Black oxide of iron, artifidal or native. 

Blm —Ultramahne or cobalt blue. 

il«^?ure artificial red oxides or Mars colours. 

Umbers and siennas. 

ys2/ou>—Mars yellow, ochre, raw sienna. 

Grssn^Chromlum oxide and Tuidian. 

lf^{re->-AVhite cement ii used, with minimum additions of titamum or 
zinc oxides if necessary. Marble dust is also employed. 

Tha addition of eome pigments to cement hei a definite effect upon the 
strength of the mass. Lead-bearing pigments, pigments which are water- 
soluble, and those which react with or are harmed by the alkali in cement, 
could not be employed, for obvious reasons. Copper and lead pigments 
weaken the mass co^der&bly, as do zinc white, some of the carbon blacks, 
and some Impure red oxides, especially Venetian red. The umbere and the 
pure red oxi^ or Mars colours will strengthen the maee eomewhat, and the 
best grades of ultramariiLe have a very definite strengthening effect upon it. 
The others have little or no effect. These remarks are based on the results 
of architectural use end laborttory testing. Sometimes the brilliant aniline 
toners and other semi-permanent fdgments are used in the colouring of 
cement forindusthal purposes. 

In casting cement the materials are measured and mixed dry as thoroughly 
and intimately as possible; water is then stirred into the mixture until the 
mass is just wot enough to be bandied properly in the use for which it is 
intended. Moidds are filled by pouring the material in and tamping or pack¬ 
ing it well. Too much water will cause separation and floating of fine 
particles to the surface. As in wmilar procedures, the best cement work ro- 
quiree an experienced hand. The usxial mixes are, by volume; 

For general all-round pi;rposes: Mortar —1 part cement to 5 parts sand. 
This mix is used more often than any other- Concrete—-1 part cement, 2 parts 
sand, and 5 or 4 parts aggregate. Lean mixture for walls, etc .—1 pan cement, 
5 parts sand, 6 parts aggregate. 

Cement sculpture in the round is cast by the usual sculptors' methods. 
Modelling can also be done in cement, solid or over an armature; such work 
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may ba made hollow in order to decrease its w^ht by corerio^ the ^ame- 
work with wire netting, and plastering this with a mixture of 9 parts of 
Portland cement to 1 of aged lime putty. Kough modelling can then be done 
with a mixture of 2 parts of cement to 1 of finely crushed aggregate^ and the 
finish coat, which should be kept thin, may be made of 5 pans of Portland 
cement to 1 of lime putty, pgments being added if derired. 

As previously remarked, these ootee deal primarily with metariais^ 
references to applications and methods of procedure are incidental and are 
not to be taken as a manual of instrucxioD. 

Although our present-day Portland cement and coocrete are considered 
modem developments from the point of view of thw widespread manu* 
faciure and use and the unprovements in thrir properties, they are really 
materials of considerable antic(uity. The Romans used the earlier Pu7./olan 
cements for many of the same purposes fc^ which we use concrete, and they 
vrere well aware of the various mixes of cement, sand, and aggregate best 
suited for various constmctkuQ purposes. 

Plartic Magnfisia or Os^^hiorids Cement. This product is perhaps bost 
known for its use in the building trades in making comporition floors, stucco 
for frame houses, etc. The nomenclature of the banc material used is some' 
what vague, and the dealer from whom it is purchased should understand 
the purpose for which it is wanted} it is variously called ^acdc magnesia, 
calcined magnesite, caustic magnesite, and Ught^bumed magsesits. It is 
made by caldning magnesite, a native magnesium csrbooete, at a limited 
temperature so that it is not entirely converted to magnesia (as limestone is 
converted to lime) and a little less than 10% of the final product is still mag¬ 
nesium carbonate. The rest is magnesium oxide plus whatever impurities 
happened to be in the original ore. Dead-burned magnesite, roasted until all 
the carbon dioxida has been driven off, is unsuitable. The main sources of 
supply of the magnesite used in Britsdn are Greece, India, Yugoslavia and 
Austria. Which of these sources provides the best material for sculptors 
depends upon the following factors; setting time, diflerence is volume before 
and after setting, final ha:^ess and colour. It is contidered that material of 
Greek, Indian and Yugoslavian ori^, of which the colour is white, sets 
faster than the Austrian, of which the colour is cream. The fioid hardness of 
all of these materials shows no marked difference after twenty-eight days. 

When this product is mixed to a plastic consistency with a strong solution 
of magnesium chloride, it sets rapidly to a hard maas; and when used like 
Portland cement, that is, to bind together a mass of inert material, it is known 
as oxychloride or Sorel cement. The solution of magnerium chloride must be 
tested with a hydrometer (page 426), which should reed from 18^ to 25* 
Baum^ (M4 to 1*21 spedfic gravity). A (jiucker-eetting mix and a stronger 
mass can be made by using a slightly more concentrated solution, 22* Bauiod 
(1*18 sp. gr.), while some workers prefer a still stronger solution, 24 to 25* 
Baumd (1*20-1‘21 sp. gr.). The material can be used by sculptors to model 
sketches, for which purpose it is a time- and labour-eaver compared with the 
procedure of making pUsier casts- Some workers have been very successful 
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in u5iiig it in the making of cast or artificial stone, achieving; Tarious colour 
and textural effects by adding cement colours, marble chips, and other suh- 
stances. In moiolding or casting any kind of cement, beat results require ex- 
pert manipulaticus, gained by experience. The addition of inert materials 
giTes Tarious structural properties to oxychloride cements. 

At least two sizes of aggregate must be used, one coarse, such as sand or 
marble grit, the other fine, such as silica, day, magnesia, etc., so that a com¬ 
pact mass will be formed, the voids between the coarse sand being filled by 
the finer grains. 

Since the discoreiy of this cement by Sorel in France in 1855, no com¬ 
plete version of its chemical composition has been worked out, and technical 
advances, tests, and formulations have been made in an emprtcal mimner. 
Upon setting, the cement forms a mess of interlocking oysials of mixed 
magneeitun oxychlorides j a colloidal or physical action also takes place, 
dmilar to that which occurs in the setting of lime, a gel being formed which 
ultimately binds the aggregate into a rock-like, cohesive mess. Because the 
mass expands instead of shrinking, the setting reaction apparently occurs 
before the water has a chance to evaporate. 

The following weight recipes have been recommended by the Dow 
Chemical Company ■ as examples of lypcal or sterting-pdnt formulae, 

Standard Tasting and Stt4Cco Mis 

1 pm plastic magnesia (12*5%) 

2 parts 120 mesh silica (25%) 

5 parts Ottawa sand (62* 5%) 

Ottawa sondf is a standardized material used in tests of various kinds^ it 
consists of uniform, rounded grains of pure silica sand, 


Standard Flooring Mix 
5 parti plastic magnesia (50%) 

5 parts silica (50%) 

2 parts shredded asbestos fibre (20%) 


Bureau ^Standards Flooring Mis 
45 parts caldned magnesite 
15 parts silica 

15 parts wood fibre, medium 
10 parts talc 
1 0 parts asbestos 
5 parts red iron oxide 


Oxythloride Cemeat.’ Chemical and 
Mtlall^fieaiEngvtetnng. Vol. 25, p, 233. New York, 1921. 

i for winent testing ia Britain is specified by the British 

LBghtca Buitard, Bedfordshire, where it can 
be obtained from Gewge Garside, Esq., or from his ageots, 
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Sculpture Cast in Metals 

Brmzf. Th« traditional matala for casun^ works of art from day or wax 
models are bronze, which is normally an alloy of copper and tin, and brass, 
which is nonnally an alloy of copper and ziztt. Alloys are used Instead of sbigle 
metals because of their more dedrable propertiee; die various metals impart 
certain characteiistics to the mixtures. The compounding or formulation of 
an alloy is not a haphazard matter, but is an inrolred and complicated study, 
and the vanoue formulas approved for spedfic purposes have been adopted 
for good reasons. There are innumerable redpes for brontee, most of which 
are deitigned for sped£c purposes other than the casting of works of art. 
Modem sculptural brozue usually contains an addition of zinc, melted in }ust 
before casdng. Small amounts of lead and other metals are also found in 
various bronzes. 

The use of more modem inDovadops such as aluminium, stainless steel, 
and Monel metal, is so recent compared with the traditional use of bronze, 
that no standards have been esubbshedr and eculpture in such materials may 
still be classed as eocpehmenul. Foundnee are more likely to use a regular 
standard alloy than to special formixlas for actdpture. The principal con* 
earn of the sculptor in the selection of bronze is probably colour. 

Metal gftr T in g is ordinarily done in foundries by crefumen expeiienced in 
the careful handling of sculptors' models; only a small minority of sculptors 
have sufHcieot Hm-band experience or kxmwledge to even ciitidze or guide 
the work in progress, although a general understanding of the processes 
should be acquired in order to plan models from which technicaUy successful 
castings can be made, and so ^at the results will coincide with the original 
intention. 

It is sot the aim of this brief survey of sculptors' materials to go into any 
detailed account of methods and procedures, but some mention must be made 
of them in relation to the p roper ti es of materials. 

The two standard methods for casting bronze from clay or plastsr models 
are the sand-casting method and the dr€ perdue or lost wax method. The 
sand process is the one in common industrial use; the lost wax process is the 
traditional method for hollow casting of sculpture. Kther one may be used 
for artistic work, depenihng upon cucumstances. The method in use for the 
reproduction of a jnece of sculpture by the lost wax process consists in making 
a negative gelatiii piece-mould of the original oK^ and from this mould 
making a hollow model in wax, by coating the made of the assembled mould 
with molten wax. After the wax model has been assembled, packed with 
foundry sand, corrected and reworked by the sculptor, rods of wax are 
attached to it in several plKes. The model is then encased in fire-resisting 
plaster or day; the entire structure is held together by means of jnns, and 
placed in a hot oven or kiln until the day mould becomes dry and the wax 
has melted and run away through the vents or holes in the mould caused by 
the wax rods, which had been arranged so that they ran through the day. The 
mould is then packed into sand, well supported by a sort of built-up kiln, and 
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melted tTwaie b poured in through the apertures or gates which were pro¬ 
vided for by the wax rods. After the bronze has cooled^ the mould is removed, 
the sand core b shahen out, and the casUng b cleaned and flnished. 

In the sand method, a mould is made from a special foundry sand pached 
around the models this mould is enclosed in a steel frame (flash), the two 
halves of which together accurately and closely. A sand core is then htted 
into the mould so as to leave a space between it and the mould, into which 
the melted bronze b poured. All metal castings require chasing and other 
finishing operations after they are taken from the moulds, 

The casdng of hollow branze statuary b an andent procedure, and the 
early bronzes of all dvilizations have been well studied and analysed. Details 
may be found in the works of Lucas, •• Partington,*’ and other writers on 
various early cultures. Both of the methods outlined above have been traced, 
back to early times, and it b doubtful which one antedated the other. 

Melting Points of Some Metals in Deg?^es Fahrenheit. These figures have 
bean compiled from a number of sourcee. Further dau on bronzes will be 
found in Henley** under ‘Alloys’. 


Aluzninium 

1216 

Iron 

2741 

Andrrmny 

1166 

Lead 

621 

Arsenic 

1662 

Nickel 

2646 

Cadmium 

610 

Platinum 

5191 

Chroroium 

5486 

Silver 

1760 

Copper 

1981 

Tin 

460 

Gold 

1945 

Zinc 

787 


Colouring and Toning of Sculpture 

Plaster cesu are coloured with psint coatings, more often to imitate some 
conventional sculptors’ material than to produce highly coloured efiects or 
to use colour as a part of the design. The patining or toning of bronzes u 
usually done by chemical treatment. 

Colouring Platter Casts. Before paint coatings are applied to absorbent, 
porous materisb such as plaster, the surface should be sealed or sized in the 
same manner in which linen canvas or plaster waUs ere sized before oil 
painting, in order that the coating may take evenly and adhere penuenently. 
Very thin solutions of glue or casein can be used, but the best size u shellac 
diluted to a very thin, fluid consUtoncy with alco^I. The shellac must not b« 
strong enough to give a glossy finish, as thb efiecc u likely to persist and im¬ 
part a glossiness to the final coatings also it will prevent the final coating from 
adhering well. Thin coatings of size should be applied until the surface begins 
to show a faint, incipient glossy then they should be allowed to dry thoroughly. 

For the green patine, or vert antique finish, which simulaies corded 
bronze or copper, the first coat b an or casein point of a dark brown colour, 
about the shade of an old penny. When this b dry, a blubh*greeo paint b 
stippled on with the end of a bristle brush | thb paint should preferably be 
made of copper carbonate, a pigment which b chemically the seme as the 
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actual corroaon on copper and its alloys. The green may be dnted or toned 
with other pigments to obtain rariadons in shadef and when dry may be 
coated with flat Tarnish; or the pagment may he mured with fiat varnish or 
with white flat wall paint. However, fauaden are most popular for 

painting plaster casts, and realistic stone effects are obtained by tinting a 
casein paint with various pigments and coarse ioens. More uniform textures 
may be produced by spraying than hy brushing. Stipple coats should be of 
very thick consistency—a sexnipaste is about right—so that the stipple effect 
will not flow out and entirely conceal the undercoat. A final finish or pro¬ 
tective coating for sctilpcure, either painted plaster or bronse, is a wax paste 
rubbed in well with cloths. A wax salv# can be made by melting white bees¬ 
wax and thinning it with a solvent. 

Patine on Bronte. The natural finish ttn bronze is usually preferred; 
bronzes trill age to various dark brownish tones, depending upon their com¬ 
position. The green, blue, or red patine found on ancient bronzes can be 
rather easily reproduced by treatments which restUt in coatings of 

approximately the same chemical composition es that of the patines pro¬ 
duced during the natural corrooon of copper and its alloys. Bronze i$ an alloy 
of copper and tin, brass of copper and zinc, but mttch statuary bronze con¬ 
tains additions of zinc and other metals in various amounts. The green copper 
carbonate patine is said to be more permanent than the blue variety; the 
latter, when artificaally produced, is hkely to revert to the green form upon 
ageing. 

The general formula books'”*^ give many redpes for coburing metals by 
immersing them in or coating them vrhh chemical baths; probably the meet 
reliable calls for washes of dilute acetic add alternated yriiti exposure to the 
fumes of strong ammonia. Nearly ell the published redpes for greens call for 
chlorides, but according to Fink and Eldridge,** the use of sal ammoniac, 
hydrochloric add, or any other chloride is to be condemned because chlorides 
will induce 'bronze disease*, a meligntnt form of corrosion which spreads 
rapidly and has a destructive effect upon bronze. The same authors recom¬ 
mend that the antiquing of valuable bronzes be done as much as possible with 
fumes instead of with solutions, and they surest wetting the objea and 
placing it in a closed box or caUoet with a dish of the volatile material on the 
floor. Their intention is to pmduce a permanent, stable coating which will 
not cause progressive decay. By first exposing the bronze to the fumea of 
strong acetic add or ammonia, or both, and then to carbon dioxide from a 
cylinder, they obtain coatings of blotchy greens and blues which have a 
natural effect. An imitation of the red patine is produced by submerging the 
bronze object in water in which precipitated chalk is suspended, and which 
contains 2 to 5% of iodine (tincture of iodine having been added); the object 
is kept in th is solution from 5 to 8 days. After all patining operations the 
bronze is thoroughly dried, preferably in an oven, and waxed with a paste of 
beeswax in toluol. 

In applying the ordinary published formulas for patines it will be found 
that manipulations are as important as exact formulas for securing desirable 
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results. The following formulas were taken from a number of sources and 
are ty^cal of a great many othersj redpes for producing nearly any colour 
on metals can be found in the above-mentioned books. 

Vert Antique. Produce a dark brown or blackish finish on the bronre by 
heating with a torch and, while it is hot, applying a solution of 1 or 2 ounces 
of potassium sulphide (lirer of sulphur) and 2 or 5 ounces of lye in a gallon of 
water. Over this, stipple the following solution with a paint brush: 

Copper nitrsite 8 ounces 

Ammonium chloride 4 ounces 
Acetic add 4 fluid ounces 

Chromic add 1 fluid ounce 

Water 1 gallon 

When this is dry, brush on another coat if necessary. 

Verde green 

Copper nitrate 5 ounces 

Ammonium chloride 5 ounces 
Chloiinatedlime 5 ounces 
Water 1 gallon 

Use at ordinary temperature. 

Bluish green 

Sodium thiosulphate 1 ounce 
Iron (fenic) nitrate 8 ounces 
Water 1 gallon 

Apply boiling or nearly boiling. 

Red 

Copper sulphate 6^ ounces 
Basic copper acetate 1 oimce 
Alum 2^ ounces 

Water 1 gallon 

A few drop of acetic add. 

Use hot. 

Woods 

The blocks, logs, end planks of wood used by sculptors must be well 
selected from poperly seasoned stock, and as free as possible from defects in 
the inner mass of the wood, Obviously, many such defects are discovered only 
as the outer pordons are cut away, and in some woods they are impossible to 
foresee^ certain spades of wood are notably free from such flaws, while others 
are more likely to eadubil them. If the wood has a very pronounced, bold 
grain or is distinctly two-toned in colour, these markings will have their 
effect upon the sculpural forms, and while expehence may be a guide to the 
sculptor in planning his general results, most of such graining will contribute 
entirely accidental markings. In the veneer industry, where thin plies of 
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wood tire sliced or sawn from the log at various angles in order to take fxill 
advantage of yanous grainlngs and markings, the manufactxtrer is seldom 
sure of the exact results until ^e log has been cut. 

Both hardwoods and softwoods are used bj sculptors^ the requirements 
for a satisfactory wood are that it should last indefinitely and not be subject to 
splitting, cracking, or similar defects during work or upon ageing. For 
general purposes a wood which presents a pleasing and responsiye texture 
under the tools is preferred, but some of the close-grcdned hardwoods are also 
usedj these are difficult to cut and chip away. A most desirable property in 
any wood is uniformity or freedom from irregular soft or hard spots. The 
woods tochmcaHy bsist suited to earring are uniform and solid throughout. 
The logs of some woods hare cores (heartwood) much less dense than the 
outer wood and of an entirely different texture. 

Artistic wood scxilpture may be stained or dyed any colour, and oiled, 
waxed, or polished like furniture, but this procedure is seldom, if ever, 
resorted tO| rather, the material is ordinarily left as nearly in its original 
state as possible. Some woods may be given a high szuooth polish by simple 
rubbings others, notably walnut, hare a naturally attractive finish after being 
cut. When a smooth yet natural finish is desired, most hardwoods will take 
on a pleasing surface if rubbed or buffed with thin sharings of their own 
wood. 

The following descriptions of various woods apply to dried and ciu^d 
products obtained from dealers. The use of blocks or logs obtained directly 
from domestic or forest trees is not recommended unless one is experienced 
enoiigh to be able to cure and season each variety in the correct manner, and 
to know what to expect in the way of internal defects and subsequent 
splitting, warping, etc. Non-ardstic uses of some woods are mentioned as 
indications of their properties and as guides to their appearance. 

American Walnxa. This is the standard wood for carvings its texture, 
grain, uniformity, durability, and surface quality leave little to be desired, 
it is obtainable in logs 12 inches or more in diameter and in blocks cut to any 
desired size. The colour, while it vari« a little and may sometimes be streaky, 
is never far from the well-known dark or medium brown. There is some 
variety of graining ^ it runs from a straight grain to a rather curly effect. 

Frxui Woedi. Apple and pear wood end, to a lesser extent, plum wood are 
used. These are rather soft, but otherwise perfect materials for carving. 
Their colours range from a golden yellow to a yellowish red; their grain and 
texture are smooth and uniform, and they have great permanence and 
stability. Apple wood is normally obtainable in small blocks and in logs which 
run from 6 to 10 inches in distmeter and about 5 feet in length. Pear may 
usually be bought only in timber form, in planks 1 to 2 J inches thick, 6 to 12 
inches wide, and 6*to 8 feet long. Plum wood is less common. Fruit woods are 
•not normally met with in the timber merchant’s yard but it is possible to 
obtain suppHes of Apple, Pear and Plum in most country areas; Cherry wood 
can most frequently be obtained from these home-grown merchants. 

Cherry Wood. This material resembles mahogany in its reddish colour, 

415 



MISCELLANEOUS NOTES 

and has a pronounced straight, grain, li ia obt^ahle in 12 

inches or more in diameter end in planks 1 to 4 inches thick, 6 to 12 inches 
wide, end 8 feet or more in length. 

Mahogany^ The strength, durahility, and closeness of gram of this red 
wood are well known. Some experience and skill are required to caire it, 
because many spedmeas will dismay splintery or softwood quaUties. The best 
and hardest varieiies come from Mexico, Cuba, end Santo Domingo. African 
and Philippine mahoganies ere Talued for their interesting grain in Teneer 
work, but they are rather soft woods, less dedrable for carying. Mahogany 
is to be had in large sizes, the logs running up to 48 inches in diameter. 
Blocks cut to any siae are usually available. 

lignum Vita€. This is the heaviest, hardest, and densest commercial 
wood. It is difficult to work, but is valued by a few sculptors for the rugged, 
stone-like effects which may be produced. The grain is uniform and fine, 
the surface takes a high natural plish, and the colour varies from a light 
ohve green to dark brown or nearly black. The wood is obtainable in logs 
which run from 5 to 24 inches in diameter and from 2 to 10 feet m length, 
It grows in the West Indies and in Nicaragua. 

Maple and Birch. These are hardwoods of very similar character^ both 
are to be had in several grains- The texture is hard^ the colour varies with 
different kinds, but is generally uniform throughout, Most varieriee axe 
rather loo plain and uninteresting in grain to be ppular for use in sculpture. 
Both woods are available in logs and blocks of various dzes. 

Ehcnyy African. This is a perfectly black, dense wood of dose smooth 
grain, rather tough and difficult to work. The chmcest grade is called Ga¬ 
boon ebony, logs of which usually vary from 4 to 8 inches in diameter and 
from 5 to 4 feet in length. Rather small blocks are usually available- 


Othek Woods 

The commercial demand for rare and fancy woods for furniture veneers 
has made a large number of woods (mostly of tropical orig^) available on the 
market. Other imprted woods are used for various mechanical and decora¬ 
tive purpsee. Most of the materials in the following list have been selected 
as siiitable for carving when special or unusual textural or colour effects are 
desired; a few more common domestic varieties have also been included, 
Drawbacks to the use of some of the woods listed are their high cost, the fact 
that they are rare or not widely employed, the supply bdng therefore ir¬ 
regular, and the difficulty of obtaining them in large enough blocks, 

The remarks on dimenaons and availability are subject to continual 
revision, because trade conditions vary from time to time, espedally with 
some of the rarer woods. These vvoods are impned into Britain in varying 
quantities, largely in the form of logs, sometimes, as in the case of Balsa, 
Basswood and Canary, in plank form. They can usually be obtained through 
a limber merchant but only against the production of a licence to acquire and 
.consume issued by the Board of Trade Timber Control. 
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Avodire. An Afiican hardwood of light colour and fine, silky texture, used 
in large quantities for decoratiye work. ATailabU in ptanlfa i and 2 inches 
thick. 

A)'ous. A similar AfHcan wood, somewhat softer than ex'odire, with a 
pronounced striped grain. Gomes in large logs. 

Balsa. A well-known softwood of celliar structure and extraordinary 
light weight, used for a number of mechanical purposes. Obtainable in 
blocks and planks. 

Ba$sio:c>d. A common American and Canadian softwood, easily worked. 
Has an even texture and a straight gyain. Available in planks. 

B<>Tw<>od, Two varieties are on the market^ the West Indian is more 
common but less esteemed than the Turkish. Boxwood is tough, bard, ex¬ 
tremely fiue-textured, of a pale creamy colour, and rather difficult to work. 
Used for wood-block engraving. Comes in round and half-round logs 6 to 8 
inches in diameter, and also in rather small blocks cut to dimension. 

Camphor Wood. A hardwood from Formosa, with a strong camphor odour. 
Available in planks 4 inches thick. 

Canary {Brazilian Satinwood). A light yellow wood with dark streaks. It 
has a hard texture. Available in 1- and 2-inch planks. 

Cocobda. A very hard, dense, tough wood of a bright red colour and 
variable grain, imported from Nicaragua and Panama, Familiar through its 
use in knife handles. Comes in Logs 6 to 6 inches in diameter, and in planks | 
to 2 inches thick, 4 to 6 inches wide. 

Dtgamt {Zjemonxvood). A Cuban hardwood, yellowish to creamy white in 
colour. Comes in logs 10 inches or more in diameter and 12 to 14 feet long. 

Ebonyf Brown {Partridge^ Coffeewood^ Soxah American Grtixadilia). 
Comes in logs 12 inches or more in diameter and 6 feet or more in leiig:th. 

Ebony, Macassar {Coromandel). From the Dutch East Indies. Comes in 
logs 12 inches or more in diameter, and 8 feet or more in leng;th} also in 
planks. Both this and brown ebony find the same uses as African ebony, but 
are considered inferior substitutes. 

Harewood {English Sycamore). A variety of maple with a fine, delicately 
figured grain. Comes in several colours—pink, silver grey, and %veathered— 
all of which are obtained by dyeing. 

Imbuya {Embuya). Sometimes called Brazilian walnut on account of its 
brown colour. Has a figured grain; comes in logs of various sizes suitable for 
Carving and in planks 1 to 2 inches thick. 

Koa. A very light-weight Hawaiian wood, hard, durable, and with a 
pleasing grain. 

AToAo {East Indian Wainal). A hard, dense, close-grained dark brown 
wood from Burma. Available in logs and in planks from 1 to 2 inches thick. 

Lancewood. A rare wood similar to degame, but cooddered its superior in 
strength and redliency. 

East Indian Laurel. A dark, reddish-brown wood vrith a wavy grain, 
strong and elastic. Comes in Urge logs up to 30 inches in diameter and 10 to 
17 feet long. 
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Jlwsujootf, Brasilian {Jacaranda, PaUsandir). Valued as one of the 
finest of the rare woods. The rosewoods are all smooth, even textured, and 
ea^y finished. They come in huge logs, in planks, and in blocks of almost any 
desired sue, 

Rouwood, East Indian. Striped grainy colour varies from a straw-yellow to 
red or deep purple. 

Rosewood, Honduras. The lightest-coloured rosewood. 

Saiinwood, East iTidian. Long valued as one of the finest decorative 
vroods. Has an excellent lustre, a golden colour, and a varied, figured grain. 
Comes in big logs and in planlte, 

Saiinwood, San Domingan. Considered tbe best variety of sarinwood. 
Used by the early dedgners and makers of fine furniture. Obtainable in 
planks. 

Teahvood. Several varieties of teak known as Java, Rangoon, Malabar, 
etc,, are obtainable in a variety of colours, but mostly golden brown. Some¬ 
times teak wood has a wavy or streaky grain. Besides being adaptable for 
many mechanical uses because of its great strength, durabiliiy, and resis¬ 
tance to severe conditions, it is also well suited for solid carving. Available in 
logs, in blocks cutto dimenrion, and in planks. 


Density of Woods 

No table of the densities of woods can be precisely accurate, because of 
the number of variable factors involved. The following table has been com- 
piled from several reliable sources and checked with actual dealers’ supplies. 
Blocks of wood for carving are sometimes sold by tbe pound. 


Weight of Various Woods 

In pounds per cuIm foot, in normal air-dried condition. Fresh or green 


wood will vary appreciably. 

Aspen 

25 

Mahogany, African 

54 

Balsa 

75 

Mahogany, West Indian 

24 

Basswood 

25 

Maple 

55 

Beech 

41 

Oak 

42 

Birch 

42 

Pear 

47 

Boxwood, Tiukisb 

65 

Plum 

51 

Boxwood, West Indian 

55 

Pine (average) 

55 

Cherry 

40 

Redwood 

27 

Chestnut 

59 

Rosewood, Brazilian 

50 

Cocobola 

75 

Rosewood, Honduras 

71 

Ebony, Indian 

72 

Satinwood 

64 

Ebony, East African 

62 

Teakwood 

40 

lignum Vitae 

84 

Walnut 

57 
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Tlie Use of Formulas 

In using formulas, a cartain undarstanduig of the subject is sacessary; 
while in genaral they ara to be accurately followed, especially where they 
are accompanied by minute mstructioiis, they someiiines serve best as hints 
or starting points for independent darelopment of redpee to meet one’s own 
needs and requirements. This is more true of the older or outmoded 
formulas^ the modem ones are usually in accordance with the average 
requirements of the timee. 

Very old recipes must be interpreted with cm. Our nomenclature, the 
quality of various ^esent-day grades, anH the modem understanding of 
basic prlnaples underlying tecbnicat pr^tices ere often at variance with 
those of former times. Many untried and ofcen<o|fted recipes have been 
reprinted in various recipe books^ some of theee are or have become un¬ 
workable, while tome have been taken finm the specificatious of patents 
which are sometimes incomplete or not enUrely prtctit^ 

Often procedures which originally bed some foundation in reason have 
been blindly perpetuated to the point where they have lost all meamng. For 
instance, I have encountered practice] varnish makan who have learned the 
trade as apprentices to man of older genarations, who insisted upon throwing 
a slice of bread or a handful of feathers into each batch, and according to their 
notions no varnish could be good without theee additions—though they 
could not explain why. This is merely the survival of a sensible procedure of 
an earlier day, when tbarmometen were not in general use in verniah 
kettles) an expert varnish cooker could judge and control the heat of the oil or 
varnish by observing the charring of such materials, which were eventually 
strained out and whi^ had nothing to do with the quality of the froduct. 

Formulaiicrt. Formulation involves combining mattfials in definite pro¬ 
portions and manner so as to utilize the desirable qualities of each, to over¬ 
come or neutralize undesirable qualitiea, end to create a product whose pro- 
pertiea will ben meet the requirements for which it is intended. It is one of 
the most important applications of the knowledge of the properties of 
materials. General rulea governing the behaviour of any class of materials 
cannot always be applied to every member of the claasj the properties of 
individual substances and iheir alteration when mixed vrith other materials 
must be learned from experience as well as from a study of the basic principles 
which govern chemical and phystcal behaviour. 

Some materials may be edded to a mixture in undefined amounts, where¬ 
as other combinations of materials require exact measurements, and often the 
manner or sequence of the addition is important. In some cases there will be 
a little leeway as to accuracy of measurements, and published redpee should 
always indicate this; most of the successful, standard formulas are the results 
of careful development and are to be followed with accura^. 

When a recipe ^*11* for ‘9 to 5 parts’ of a material, tbi* should not be 
taken to mean that rt does sot matter what quanti^ between these limits 
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one throw 3 in; rather, H means that according to the special properties re¬ 
quired, an individual will fuad somewhere within this range the amount 
needed to ^ve him best results- If a writer states that a little turpentine 
added to a paint will improve its working properties, he expects the reader to 
have suffident experience with the materials to add an appropriate amount, 
and to realize that too litrle will not accomplish the purpose and that too 
much may overdilute the mixture and weaken the resulting film. On the 
other hand, if a number of reriotis ingredients are listed in exact amounts 
with explicit instructions for their combination, the assumption on the part 
of the reader should be that here is a recipe that has been worked out to give 
definite results, and that it must be followed accurately. Whethar or not it 
can be adjusted or altered to fit different drcumstances or special require¬ 
ments in individual cases, can be determined by trials. 

In any experimental or testmg work it is truly necessary to preserve 
accurate detailed records of all work done, including dates, sources of 
materials, and all other relevant data. Materials, whether put into use or put 
away to age, should be well identified either by being labelled with detailed 
descriptions or by serial numbers referring to descriptions in a notebook. 
Painters who have spent much time in experimental work on materials often 
find that after a few months or years the results of careful and interesting 
work are useless because of the absence of records. 

The conversion tables on pages 422r-4 may be used to change figures from 
one system of weights and measures to another; where the formula is written 
in pounds or gallons, quarts, and pints, and it is desired to reduce these to 
ounces in order to make small lots (especially when multiple experimental 
batches are to be made), the pounds figure can be converted to ounces by 
multiplying by 16, the gallons figure to fluid ounces by multiplying by 128, 
the quarts figure, by 52, and the pints, by 16, A reripe calling for 5 pounds of 
a dry material to 1 gallon of a liquid would then read 80 ounces to 128 fluid 
ounces; to make about 4 fluid ounces, which is a convenient small batch, find 
the figure which will divide all the amounts into conveniently measurable 
figures near that amount; in this case It would be 52, which gives a resulting 
recipe of 2^ ounces to 4 fluid ounces. To alter the strength of a solution of 
known percentage, the calculations noted on page 426 may sometimes be 
used. 

The modern recipe books of miscellaneous technical formulas are some¬ 
times valuable; usually they are more helpful as sources of hints for experi¬ 
mentation than as sources of ready-made, usable formulas. Some of the best 
of these compUations of miscellaneous technical redpes are listed in the 
bibliography.^ 

Some recipes call for the malting of inflammable materials, and when 
these are followed, precautions should be taken to prevent acddental ignl- 
rion; also provisions for the control of a fire must be considered in advance. 
Melt as small a batch as is convenient, keep the space around the stove clean 
and clear, and use a metal or asbestos plate between the vessel and the gas 
flame or electric cc^. Sand or a Pyrene extinguisher will put out small firee; 
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water is liiely to make grease or col fires spread, although enough water in 
one good dousing wiU put out any fire eaept burning benzine or other 
Rmilar volatile liquids- A stirring rod is likely to make a small can tiporer. A 
fiat cover larger in diameter than the can or pot will amother a small fire. 
Never heat mixtures which contain infiammable volatile solvents over a 
direct flame. When a molten wax or resin is thinned with volatile solvent, a 
large percentage of the first addition passes off in the form of vapouTi there¬ 
fore, even in the case of the less inflammable solvents such as turpentine or 
kerosene, all such t hinning must be done away from the stove or other flame, 
and with good T«tilation. All waxes may be melted in a water bath, but 
mixtures with retins wiH ordinarily require direct beaL 

A/uutg 0 / Smooth Poftu. Various powden and liquids require different 
methods of mixiDg to produce pastes fiee from lumpe^ some redpes indicate 
the correct procedure. In the case of the usual paint the vehicle is poured 
gradually into the pigment in a container, with continual stirring, to produce 
a stiff, smooth paste, the lest part of tha liquid being added after this stage hu 
been reached. When small amounts are made on the slab with palette knife 
end muller, or with a mortar and pestle, the same procedure is followed: the 
paste is kept stiff until free from lumps, after whi^ it is thinned to the final 
eonsiitaucy. Geeso it mixed in the seme way axcepc that such a high degree 
of smoothness is not required^ it is usually streined or squeezed through 
cheesecloth, which dispersee minor lumps. Materials such as flour, starch, 
casein, etc., are mixed in the reverse manner, because they are ^ed upon by 
the water, and eome solution or swelling to form a colloidal mass is involved. 
Starch or flour paste is commonly "^^***^ by siftiog the dry powder into hot 
water gradually in three or four succetaive portions, stirring continuously 
and mixing to a unifonnly well-suspended condition before adding the next 
portion. Meterials which tend to repel wetting ere made into a stiff paste by 
continued stirring with a round rod in a container, or by mulling. 


and Measures 

If one does a great deal of woik on formulas and homemade products, it 
is advisable to have a scale or balance capable of weighing out sm^ amounts 
of dry materials with a fair degree of accuracy. Sm^ bidancee, adequate for 
most purposes, can be bought at moderate cost{ fine ones of high accura^ are 
expensive. Second-hand scales originsJly intended for various uses some¬ 
times be lacked up. 

Persons who have but occasiona] use for weights may have portions of 
materials weighed out at a shop; many users of home-made products prefer 
to measure as many of thtir materials as postibly by volume. Because 
materials very as to size of lumps or particles, etc., and because seme formulas 
call for extreme accuracy or for very small portions, this is not always featible. 
The recipes quoted in this book mention volume measurements whenever they 
znay be \ised. Measuring glasses of the following will be found useful: 
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\ quait, graduated in ounces. 

1 pint, graduated in ounces. 

2 ounce, bell- or cone-shaped, graduated in drams fluid ounce). 
Also obtainable with additional scale in millilitres (cubic centi¬ 
metres). 

Cylinder graduated in millilitres (c.c.), capadty 23, 50, lOOj or any 
larger siae, depending upon reqtzirements. 

For Tery small, accurate amounts of liquids, eepeaally in small- 
scale experimental batches, a Mohr’s pipette, 10 ml. capadty, 
graduated in tenths. A large choice of measuring glasses wU he 
found at laboratory supply houses. 

A handy means for measuring approximate small Tolumes and propor¬ 
tions of jagments, pastes, and other dry and fluid materials is a set of 
aluminixun kitchen measuring spoons; tablespoon, teaspoon, half and 
quarter teaspoons (3 teaspoons * 1 tablespoon} 25 quarter teaspoons 1 fluid 
ounce? 1 quarter teaspoon* 1% of 4 fluid ounces). When udng these for dry 
powdered material, one should flU them without pac k ing or t ampin g the 
powder in, then level it off with a palette knife. These measurements are oc¬ 
casionally referred to in the redpee. Throughout this book the terms fluid 
ounce or ounce by volume have been used to distingujsh the ounce by volume 
from the avoirdupois ounce, which is simply called ounce. The list on page 
425 showing fraction and decimal equivalents may be used to convert a deci¬ 
mal number in a weight or measure tc its approsdmaie fraction. 


BfUTiSH Systems 


Linear 


iTKhes 

Feet 

Farde 

(ins. or ') 

(Ji.er ) 

(y^,) 

12 

1 


56 

3 

1 

198 

16| 

H 


.afraa 


Sijuare inchis 

Square/eet 

Square yards 

144 

1 


1296 

9 

1 


Folume 

1 728 cubic inches = 1 cubic foot. 
27 cubic feet = 1 cubic yard. 

1 cubic foot 5= 7*48 gallons- 
A cubic foot of water at 62® F. weighs 62 2786 pounds. 
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Liquid Measure (C^sacay) 



Ounces 

GilU 

Pints 

Quarts 

GaUoru 

Cuhie inches 

Uloz.) 

4 

1 

4 

{pu.) 

(‘TW.) 

(gaU.) 

(eu. &AS.) 

16 

1 



28-9 

52 

6 

2 

1 


57*75 

126 

52 

8 

4 

1 

231* 


1 British Iropeiial gallon=277*5 cubic inchess 1*2 U.S. gsUcns. 

1 gallon of water at normal temperature weighs pounds; a pint weighs 
about a pound. 




Ap&hecaries’ Measure 



Minims 

drams Fluid ounces 

Pints 

GaUons 

ni 


n 

0 

G 

60 

1 




480 

6 

i 



7680 

126 

16 

1 




128 

8 

1 


The ounce, pint, and gallon are the same as in ordinary liquid measure. 


Weighi [Mass) 

(The grain is the same in the three systems following.) 


Ax>^rdxi:pf>is {Commercial or CxiStomary Sy^tnC^ 


Grains 

Drams 

Ounces 

J’oimds 

ie^) 

(dr.) 

(oz.) 


27*34 

1 



467-5 

16 

1 


7000 

256 

16 

1 


Troy Weight 

(Used by jewellers and refiners of precious 
Grains Psn/^weight Troy ounces 

{gr.) {iwt.) 

24 1 

480 20 1 

S760 240 12 

1 lb. troy= *823 lb. avoirdupois 
1 carat = 3*2 grains 

Apothecaries' Weighi 
(Used by pharmacists, physicians, and in some special technical processes) 


Grains 

Scruples 

Drams 

Ounces 

Pounds 


3 

3 

s 

tb 

20 

1 




60 

3 

1 



460 

24 

8 

1 


5760 

288 

96 

12 

1 
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metals) 

Troy pounds 
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Metric Ststem 


Uoiveraallj' used in science, and for common purposes in Europe and 
Latin America^ many efTons to reform the En^ish and American systems in 
common use to conform with the metric system haye failed, because long 
usage has rooted thoso systems in our culture. 


Len^h 

1 millimetres*001 metre (mm.). 
1 centimetre=*01 metre (cm.) 

1 decimetre=•! metre 

1 metre. 

1 dekamet7e= 10 metres. 

1 hectometre = 100 metres. 


JVei^hx 

1 milligrams *001 gm. 
1 centigram=*01 gm. 

1 dedgram^*! gm. 

1 gram (gm.). 

1 dekagram^ 10 gm, 

1 hectogram^ 100 gm. 
1 kilograms 1000 gm. 


f'olume (Capacily) 

1 millilitre »*001 litre = 1 cubic centimetre (ml. or C-C-). 

I centilitres *01 litre. 

1 decalitres'1 litre. 

1 litre (si cubic dedmetre* 1000 ml.). 

1 dekalitre s 10 litres, 


Conversion Factors 



To 

to 

multiply by 

pounds 

grams 

4^5*6 

(avoirdupois) 

kilograms 

•45 


troy pounds 

1*22 

grams 

grains 

15*43 


drams 

•56 


troy drams 

•26 


ounces 

•0535 


poimds 

•0022 

grains 

grams 

'0648 


drama 

•0557 


ounces 

•00229 


pounds 

1/7000 

Ounces 

grams 

26*55 

lavoirdupoia) 

grains 

W'5 


pounds 

1/16 


troy (or apothecaries') ounces 

•91 


troy pounds 

422 

•076 



WEIGHTS AND MEASURES 
Conversion Factors { Contimied ) 


To coiwert 


to 

muitipld' "by 

ounces 


pennyw^ht 

18-25 

(aToirdupois) 


troy (or apothecaries’) drams 

729 

troy pounds 


pounds (aToirdupois) 

•825 



kilograms 

•375 



ounces (aToirdupois) 

15*17 

troj or apothecaiies’ 


ounces 

M 

ounces 


drams 

17-5 



pounds 

•069 



pounds (troy) 

1/12 

kilograms 


drams 

564-33 



grains 

15452-4 



ounces • 

55-27 



ounces (troy or apoth.) 

52-15 



pounds 

2-5 



pounds (troy) 

2-7 


Fluid Measure {Capacity) 


fluid ounces 


millilitres 

29-57 

(B.S. and apothecaries’) 

fluid drams 

8 



litres 

•05 



cubic inches 

1-8 



gallons 

1/128 

litres 


pints 

2-11 



quarts 

1-06 



cubic Inches 

61-025 



fluid drams 

270-5 



gallons, U.$. 

-26 



gallons. Imperial 

-22 



fluid ounces 

35-81 

gallons 


cubic feet 

1-54 


gallons, Imperial 

•855 



litres 

5-785 



ounces 

128 



millilitres 

3786-4 

fixud drams 


millilitres 

5-7 



fluid ounces 

•123 



cubic inches 

•2236 
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Conversion Factors (Continued) 


Te convert 

to 

mvitipl^by 

fluid drauu 

pints 

•0078 


quarts 

•004 

millilitres 

fluid drams 

•27 

(cubic centimetres) 

Eoinims 

16*25 


fluid ounces 

•0558 


cubic inches 

•061 


pints 

•0021 


quarts 

•001 

pints 

millilitres 

475 179 


cubic feet 

•017 


cubic inches 

28-9 


gallons 

•125 


litres 

•475 


minims 

7680 

quarts 

millilitres 

946*36 


cubic fost 

•053 


cubic inches 

57-73 


fluid drams 

256 


gallons 

•23 


litres 

•946 


Length 


inches 

zmlliinetres 

23-4 


centimetres 

2*34 


metres 

•0254 

metres 

inches 

59 57 


feet 

5‘28 


yards 

1-09 


centimetres 

100 

centimetres 

inches 

•3937 


feet 

*0328 

millimetres 

inches 

•05957 


feet 

•00528 

feet 

centimetres 

50-48 


metres 

*505 


Obsolete: 1 dl^45 iach«s or 114-50 cm.; 1 cubits ISinchw or45-72 cm. 
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Equivalents op Fractions and Decimals 


•0156 

A 

•0512 

A 

•0500 

-h 

•0555 

A 

•0625 

A 

•0714 

A 

•0855 

•h 

•1000 

A 

•1111 

i 

•1250 

i 

•1666 

i 

•1875 

A 

•2000 

i 

•2500 

i 


•3125 

A 

•5535 

i 

•5750 

1 

•4675 

A 

•5000 

k 

•5625 

A 

•6250 

i 

•6666 

1 

•6875 

« 

•7500 

i 

•8125 

if 

•8750 

} 

•9375 

H 


Approximate Equivalent Volumes of White Lead in Oil 


Wei^hx 

100pound< 


Vctumt 
5} gillooi 


50 „ 

It .. 

25 „ 

6^ pants 


n » 

5 „ 

ij .. 

1 „ 

I gUi 


Density—Specific Gravity 

The density ol a tubetuce is the reUtioD between its weight and Tolutne 
~for example, the number of pounds to a gallon. This is the usual standtrd 
in industrial or technical worfci in sdance the gram axid millilitre are used, 
and the densitj of a substance is expressed in grams par miUili&e. One milli* 
litre of pure water weighs one gram. 

The specific gravity of e liquid or solid is its wei^t divided by the weight 
of an equal volume of watery thus the specific grevity of linseed oil, which is 
lighter than water, will run around *95S, and the specific gravity of carbon 
tep'achloride, which is heavier than water, is 1*59. The spedfic gravity of 
distilled water is 1 at 4^ 0. 

Hydmmttry. A simple and easy method for determining the spedfic 
gravity of a liquid is to use a hydrometer, which is a slender sealed glass 
tube bearing graduated marks anH weighi^ bottom. The liquid, at 

norma) room temperature (70* F.) or at any spedal temperature to which 
the instrument may have been calibrated, is poured into a glass cyUnder of 
convenient sue, and the hydiometer is carefully immersed in the liquid and 
allowed to float in it freely, whereupon the specific gravity is read directly 
from the mark wbich eoinddes with the suiface of the liquid when the 
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hjdrometer is at rsst and floating clear of the walls of the cylinder. Measure- 
meats of extreme acciaracy and comparisons of slight variations in speciEc 
gravities can he obtained only by experienced techiudons and by the use of 
more precise apparatus. For accuracy and convenience, hydrometers are 
usually made with a small range, suitable for use in one type of solution or 
liquid. 

In general technical practice, it is customary to use hydrometers marked 
with the Baumd scale instead ctf the less convenient apedhc-gravity scale j 
there are two Baum^ scales, one for liquids lighter than water, and one for 
liquids heavier. If it is necessary to convert Baumd figures to spedfic-gravity 
figures and vice versa, a conversion table should be referred to. These are 
widely available and are published in all of the chemical handbooks and many 
tedinical works. 


Calculations for Altering the Strength of Solutions “ 


The following methods are universally accurate by weight? v?h6n 
amounts by volume are taken (especially when the solutions are weak or 
when there is not too great a difference between strengths), the results will 
be suifidentiy accurate for most technical purposes. When absolute accuracy 
is necessary in volumetric work, as in carefully controlled laboratory prcn 
cedure, the correct valiunes are calculated by dividing the weight amounts 

by the specific gravity of the solutions j 

vsp. gr. 

1. To dilute a solution of known strength to any required amount of 
lower-percentage concentration, divide the lower-percentage number by the 
higher, and multiply the quotient by the amount of weaker solution desired. 
The result will be the amount of onginal solution which must be mixed with 
suflident water (or other solvent) to produce the amount of weaker solution 
desired. 

For example, to make 16 ounces of a 4% solution of formaldehyde from 
the 40% solution in which it is commonly sold, divide 4 by 40, which will 
give 0*1? multiply this by 16. The result, 1*6 ounces, is the amount of 40% 
formaldehyde solution to be mixed vnth enough water (14*4 fluid ounces in 
this case) to produce 16 ounces of 4% solution- 

2. To dilute a given amount of solution of known strength to any weaker 
concentration by adding water to it, subtract the lower-percentage number 
from the higher, divide this difference by the lower number, and multiply 
the quotient by the amount of Uquid to be diluted. The rceult will be the 
amount of water required to produce the weaker concentration when mixed 
with the otigical amount of the stronger. 


■ Adapted from CAamioil Calculaiicv by Warman A$hity. New York, Van 
Nostrend, 1927. Thi* book contains a complete account of calculations of this kind. 
Other simplified methods for altering the percentage compodtlcn of solutioos aod dry 
mixtures can be found in Olsen*** under ‘Rectangular method for the dilution and 
codcentration of Uouidi and mixtures’, and Suvtru' Ariihmftk of Pharmacy by 
C. H. Slockiag and J, L. Powers (New York, Van Nostrand, 1337), under 'Alligation’. 
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For example, if one has 10 fluidouncesof 40% formaldehjde to he diluted 
to a 4% solution; 40-4=36; 56^4= 9; ^ x 10 = 00; which is the number of 
fluid ounces of water to add to the 10 fluid ounces of formaldehyde to produce 
the 4% solution. In this case, the ratio happens to be in round numbers, 9 to 
1, and any convenient amount could he made by using these proportions. 

Brushes 

The hairs and bristles which are used in the manufacture of brushes vary 
greatly in quality, the best ones being expensive and not common on the 
market; but the greatest element in brush making is skilled, expert work* 
manship. A superlatively good brush is a great asset in painting, and most 
artists find that a few good brushes will serve their purposes better than a 
large variety of inferior ones. The very smallest sizes have their uses for 
certain types of work, but the most approved rule in the average technique 
is to use the largest brush which is capable of producing the flneness or deh* 
cacy of line required. For the finest sort of line the extreme tip of the brush is 
used, and a well>pointed No. 3 or 4 in the bands of a competent painter will 
in most cases be more advantageous than the 0 or 00 sizes. Its use is uni¬ 
versally held to be more conducive to vitality and character, and its greater 
versatility is unquestioned. The mature painter's choice of brushes, however, 
is entirely a matter of personal preference, and no definite rules should he 
laid down; the statements here are merely to indicate the general characteris¬ 
tics which different types of brushes display. 

The flat brushes with flattened ferrules are a compararively modem 
invention; although such shapes were known and occasionally used for cer¬ 
tain purposes from the earliest days, they did not come into general use until 
the middle of the nineteenth century; today they are used to a greater extent 
in oil painting than are the rounds. Those with short-length bristles are 
called hrighta, and those with longer bristles are flats- The length of brighte 
is, or should be, about 1J times their width; flats are thicker and their length 
is about 2^ times their width. Chisel brushes which are more or less bevelled 
to a comparatively sharp edge are a further refinement, and they are usually 
obtainable only in the best grades. Many of the characteristic effects pro¬ 
duced in older paintings by free brush stroking with round brushes are un¬ 
successfully sought after by painters who are experienced only with flats and 
brights- The flat brushes are more popular than rounds because of their 
greater versatility, different strokes being produced according to the angle at 
which the brush is held. The finest-quality bristle brushes for oil painting are 
made of imported white hog bristles, and in the flat shapes the corners are 
curved toward the centre naturally—that is, curved bristles are used at the 
outer edges. The best soft brushes for oil painting are made of red sable; the 
second best, of the stxalled Russian sable (fitch)- 

For water-colour use, vmte« and instructors have cautioned painters to 
avoid brushes vrith concave tips; some warn against brushes with too much 
belly; for others, brushes can never he fat enough- It will be noted that when 
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w^l, the finest-quality hair brushes shoir no sign of concavity between the 
point and the fullest pan; of the brush, while the cheapest ones are almost 
always concave at this place. Most painters agree on the desirability of usirtg 
the largest-sized brushes with which the desired manipulations can be per¬ 
formed. 

Red sable (kolinsky tail) has the proper combination of softness, flexibihty, 
springiness, and durability, and when hair of the highest quality is used and 
the best workmanship is employed, it makes the best brush for normal water¬ 
colour work. Hairs of uniform thickness and proper length must be chosen by 
the makers, and correctly formed and held in the ferrule at the light point; 
if they are inserted too far the brush will be over-springy and harsh; if they 
are not inserted far enough, the brush will be too soft. Camel-hair brushes 
(acrually made from nearly every kind of animal except camels; the hast 
grades are made from squirrel tails) are too soft and have not sufficient 
elastic!^ or ‘life’ for average professional purposes, yet this quahty makes 
them desirable for some spedal manipulations. An inferior grade of sable is 
generally preferable to camel hair. Ox hair is cheaper than red sable and 
generally inferior, but its rigidity makes it desirable for some uses. 

One may sometimes discover brushes of high quality among those 
mounted in quills instead of in metal ferrules. In the early days of pamting 
all hair brushes came in quills and ware called hair pencils, but t^ay the 
quill brushes are made only for a few special purposes; they are sold under 
several systems of dengnation. 

The Japanese and Chinese brushes in reed handles are obtainable in a 
number of styles and are well liked by some artists; others are unable to use 
them. The sensitive character of line and the versatility of effect which they 
will produce, show their value when employed in trained hands. Their 
charaaeristics, as a general rule, are thoaa of the camel-hair brush. 

A useful brush for the application of flat water-colour washes is a |* to 1- 
inch flat-stroke lettering brush of best quality red sable or ox hair. O’Hara,*’ 
whose books deal with the direct, bold son of water-colour painting, recom¬ 
mends it for nearly all purposes, and he demonstrates its use in a series of 
illustrated instructions and training exercises. Strokes of condderable deUcacy 
and variety can be obtained by using the edge, and if, instead of slanting the 
brush as one would a pen or pencil (which would cause the hairs to bun^ up 
and make a line wider than the chisel edge) one leans it in the direction op¬ 
posite to that of the stroke so that its right-hand or leading comer does not 
touch the paper, the hairs of the left side will trail out singly and produce a 
very thin line. A solid covering stroke on rough or roughish paper is made by 
holding the brush vertically to the paper and stroking with the width of the 
brush; the same result can be obtained with the brush held at a 43* angle if 
the stroke is made very slowly. By drawing this same 43* stroke rapidly 
across the paper, a broken, sparse, or dry-brush effect is produced, even with 
a well-filled brush. A slightly different broken effect can be obtained by 
holding the brush at more of an angle—^ven flat against the paper. 

A zuunber of dean, dry brushes are required for certain manipulations, 
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such as the application of fiawleas glazes and other careful work in oil paint¬ 
ing. If a Brush is cleaned in turpentine, wiped off, then rinsed in a cup of 
i^uick-drjing solvent such as acetone or ethyl acetate and flicked on cloth with 
a light, dusting motion, Or its handle twirled rapddly between the palms of 
the hands, it will become dry at once and be sufficiently clean to continue 
most operations. The number of brushes required may thus be kept at a 
minimtiin. 

There is only one correct way to clean and preserve psdiit brushes of any 
kind. Immediately after use, the paint or varnish should be thoroughly rinsed 
out with the appropriate solvent, ttriH the brush shaken or wiped with a cloth, 
then washed well with warm water and a cake of common yellow household 
soap, great care being taken to rinse out all traces of soap under running warm 
water. Brushes which have become stnifened with shellac may be washed in 
borax solution. Those upon which oil paint has hardened and which require 
cleaning with paint remover, trisodium phosphate, or prepared brush- 
softener, lose much of their life. When simple-solution varnishes dry on a 
brush they cause less damage than do oil paints, and are usually removable 
with their solvents. However, the rubber, glue, or resinous setting of brushes 
is often weakened by such treatments. When a clear, simple-solutioa varnish 
such as damar is washed out with soap and wator, a white, soapy reddue some¬ 
times clings to the base of the bristles and leaves the brush in a generally un¬ 
satisfactory condition for future use as a facture-varnisluDg brush. If picture 
varnishing is frequently done, a brush should be reserved excluavely for the 
purpose (see page 556); it can be kept in a soft or easily soRened condition 
(provided it is not stored for loo long a peiiod) by washing it out well in 
several fresh changes of its solvent and folding a ^ece of kraft paper tightly 
around it in a manner similar to that in which new varnish brushes are 
packed. One make of varnish brush is sold wrapped in a durable jacket of 
strong fibre paper with a twine fastening. 

House painters’ brushes which are in continual use are sometimes kept 
suspended in a can of linseed oil or half oil and half pure turpentine after 
being rinsed. Brushes left in containers in this manner must never lean 
against or touch the sides or bottom of the vessel. A clean, dry brush stored in 
a closed box or drawer will keep better than one left suspended in liquids. 
When brushes are stored for any long period of time, it is usual to pul cam¬ 
phor, naphthalene, or paradichlorobenzene in the box as protection against 
moths. 


Palettes 

The conventional wooden palette is not so universally employed as it was 
in the recent past, Its brown colour served without many disadvantages up to 
the days when painters adopted a new attitude in regard to the relation of 
their colour keys to the colours of nature, at which time a cleaner or paler 
background for mmng colours became necessary. The traditional oval palette 
of graceful curve is sometimes used by painters because of custom when a 
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solid uble next to ibe easel would better serve the purpose and leave the 
hands free. 

There are many cases, however, where a light-wei|ht palette held in the 
hand is necessary for the proper execution of the particular techniques. For 
this purpose, the white lacquered aluminium palette which was originslly 
intended for lise with aqueous mediums can be employed, as well ae the 
regular traditional wooden palette, which may, if desired, be coloured white 
by the artist. The insolubility of shellac in oils, turpentine, and mineral 
spirit mates it useful for such coatings; white pigment may he stirred into the 
shellac to colour it. The wetting power of alcohol mates it unnecessary to 
grind or mull the pigment for this purpose, Where a more universally resis¬ 
tant coating is required, the shellac may be replaced by white lacquer. Such 
palettes roust be kept eepedally dean and no «! colours should be allowed to 
dry on them, because the removal of old dried paint will usually require 
solvents which will remove the shellac or lacquer surface. The white fugment 
may be tinted to a cool, neutral, or warm tone if deslred. 

The modern tendency is to work from a scrupulously dean palette and 
waste remnants of paint rather than allow them to accumulate. Glass and 
china plates are ea^y deaned of hardened paint by scraping them with a 
raror blade, with or without softening the paint with solvents. A badly 
stained ground glass or stone slab can be scoured by grinding pimiice and 
turpentine on it with a muUer. 

Some artists collect and use numbers of plain white dishes and small 
porcelain, glass, or tin vessels of little or no value, sc that they may be thrown 
away without much loss in case the accumulation of paint or varnish gats 
beyond the point where they are worth saving. This follows an old procedure^ 
painters from the earliest dmes have used sea shells of various types in the 
same way. Light-weight dishes made of plastic ware are convenient, especially 
for mural work. However, the majority of painters prefer a palette arrange- 
mentin which the depressions are not so deep and not so com^etely separated 
from one another that the colours cannot be rapidly and easily taken up and 
scrambled together with the brush when desired. 


Inks 

Chirtsss or Indian I?ik. The description of India ink in the general pig¬ 
ment list gives the prindpal ingredients of the material, yet it is a crude de¬ 
scription in view of the traditional Chinese and Japanese products, which are 
in(« complex mixtures, involving a number of minor additions and manipu- 
latioDs both for ceremonial reasons and to impart further brilliancy, working 
qualities, and delicaq^ and range of tone. The native painiew have always 
been exacting connoisseurs on the subject, demanding their favourite brands, 
whc«e histories are often long and distinguished and whose manufacture 
continues in establishments where the processes have been handed down for 
centuries. These inks are sold in little sticks which are rubbed -with water on 
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stone blocks or in shallow mortars; even the manner of rubbing is said to 
influence the delicate charaaer of the ink. 

liquid India ink has practicaJly replaced this material in modem usage; 
it is sold in two varieties: the waterproof, which will withstand washes after 
it has dried, and the soluble, the dried film of which may be washed away by 
going over it vrith water. The latter kind is usually more applicable to fine 
lines and deUcato manipulations and effects. Both may be freely diluted with 
water while in the liquid state. The inks which become insoluble in water 
after drying are usually made with a water solution of shellac and borajc. 

Coloured Inks. Coloured drawing inks are carefully formulated to meet 
every requirement except that of absolute permanence; although Ijghtproof 
pigments msy be employed in a few instances, the coloured inks can never be 
relied upon for other than temporary results, and should not be used for 
permanent artistic work. 

fVfiang Ink. The principle upon which the comporition of writing ink is 
based is the action of atmospheric oxygen on an arid mixture of iron srits and 
tannin, a material which is obtained from an infusion of nutgalls. Modem 
wriung ink is made by combining tannic, gallic, and dilute hydrochloric acids 
with an iron salt, phenol, and a blue or black dye. Tlie dye is used to make the 
uik visible at once because the reacuon between the oxygen, iron, and tannic 
add is not completed for a day or two, and the fresh writing would not be 
satisfactorily visible without dye. The best modem writing ifilr is a carefully 
balanced mixture of ingredients, designed to have the best flowing pro¬ 
perties and least corrosive acdon on pens and paper, and to give the most 
permanent results. Many modern proprietary writing fluids of special 
characteristics are inferior to the standard black or blue-black iron gallo- 
tannate ink. Iron gallotannate writing inks have been in use since the twelfth 
century; all of their properties have been standardized and greatly improved 
in recent years. Their permanence, however, is not xisually considered great 
enoi;gh for general artistic use, especially where there is continual exposure 
to daylight; permanence for use in records and documents, which ere or¬ 
dinarily kept filed away in darkness and in which considerable fading or 
colour change could occur without seriously impairing legibility, is another 
matter. 

Ink for writing and drawing was invented in China and Egypt about the 
same time; according to various discoveries, the data in each country is 
generally believed to be not much before 2500 B.c. These inks were of the 
same type as our modem India or Chinese inks—mixtures of carbon with 
binders (gums, glues, etc.) The later Koman ink was prinripally sepia. The 
earliest record of the material we now know as writing ink, as it has been 
made and used from medieval times down to the present, is in the vmtings of 
Theophilus, who described an iron-nutgall ink. Pliny, however, about ten 
centuries before this, knew that paper treated vrith copperas could be black¬ 
ened with an infusion of nutgalls. 
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Glossary of Some Miscellaneous Tenns 

XhU list is made up of some of the words and terms used in art and its 

technology. Others wili be found in the index, 

AOGR5GATE- The coarse or inert ingredients which are mixed with cement 
in the making of concrete. 

Arwcaccato. In fresco practice, the plaster coat which underlies the final 
painting coat; traditionally composed of lime and sand. Term not in 
general use. 

B. P. Where these letters follow the name of a material they indicate that 

the material conforms to the spedlications of the British Pharma¬ 
copoeia, and that it 1$ epproTed for use in medidnal preparations. This 
grade is usually below the C.P. grade in absolute chemical purity, but 
of more than adequate purity for average technical use. Corresponds 
to the American USP. 

Bass. An inert pgment used in the manufacture of lakes. In chemistry, an 
alkaline or alkaline-forming substance. 

Bloom. A foggy, whitish (or hlue*whilo), dull surface effect which forms on 
varnished pictures or other varnished objects. 

Blush. Bloom. The term is usually applied to bloom on cellulose lacquers, 
and more often implies a basic or internal defect than a surface 
condition. 

Cammeu. A technique of painting in monochrome, using two or three cinu 
of the same pgment without regard to local or realistic colour. 

C. P. Chemically pure, or a grade of material as free as possible from aU 

traces of impurities. Sometimes appUed to commercial pigments to 
describe a grade free from extender or added inert pigment. 

Chlaeoscuao, a technique of factorial representation wherein objects are 
bunight out strongly by the use of black or any dark colour and white, 
generally in bold contrasty the entire picture is usually dark, relieved 
by white accents. Also an element of this e^ct in any ^cture. 

Covering Power, The extent of the area over which a given amount of 
l^uid paint or varnish wili spread to give a satisfactory coating when 
it is applied in a normal layer, ordinarily expressed in square feet per 
gallon. Sometimes confused with hiding power. 

Dictemper, a term employed to designate aqueotis paints made with a 
simple glue-size or casein binder, such as are used for flat wall decora¬ 
tion and for scenic and poster cotours. Among the products which may 
be clashed under this heading are cold-water paints, and show-card 
and poster colours. The term is rather more descriptive of bulk or 
house paints than of artists’ paints. 

Doctor, a scraper or knif^edge used to scrape off paste or paint from a 
surface. 

Enamel, (l) A vitreous glaze or porcelain which contains pigments, apjdied 
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w meul or pottery objeos and fused to produce a smooth, herd 
dura bie surface by heating in a kiln or furnace. 

( 2 ) An object so decorated. 

(3) A liquid paint which dries with an extremely high gloss, its effect 
approaching that of a ritreous enamel. 

Embu (French). In an oil painting, a dull spot in an otherwise glossy surface 
caused by a sinking-in cdthe oil cobur. Term not in general use 

MiiBR. See inert pigment. ^ 

fixative, a diluu Tarnish which is applied by a sprayer or atomiier to bind 
me loose particles of charcoal, pastel, or crayon jactures and prevent 
them from rubbing off. A fixative differs from a varnish in that it 
serves only one purpose, that of binding the particles in a weak sur¬ 
face mannerj it do« not lock them into an impervious film. To ac¬ 
complish this function, it would have to be m concentrated that it 
wo^d have an undednble optical effect on the picture. (See page 223.) 

Faorns (French). A thin wash of paint, ospedaUy a transparent « trans¬ 
lucent oce{ also a glaze or scumble. Term twt in general use. 

GANOSiS- The toning or dulling of stone sculpture—for instance, by the appli¬ 
cation of colours mixed with wax. " 

Gewo. A solid coating made with a purely aqueous binder, either glue, 
casein, or gelatin solution, It is issually pure white in colour, and the 
diy ingredient is either whiting, chalk, or slaked plasur of Paris, 
sometimes with an addition of heavier white pigment to Increase the 
w^iwess or opacity. Geaao is uaed as e painting ground by applying 
it m liquid form with a brush, or as a putty and modelling material 
in which case it is made into a rtiffer, plastic pasta. The word was used 
by the craftsman of the Italian Renaissance and ia an Italian form of 
the Latin gypsum. 

Grisaille, a techniqua of monochrome painting in two or three shadea of 
grey, as m the imiution of a bas-relief. Also a rough grouping into 
one class of all methods of painting which differ from a simple direct 
technique} more spedfically, the method of painting in full modeUing 
in black and white or other simple contraetiijg tones, and applying 
transparent colour over this in thin layers or glazes. Also the name of 
a pigment used in glass painting. (See page 50.) 

BiAiF Chalk (Half On.) Grounds. Emulsion grounds. Grounds made of 
chalk and glue are univeivally known as gesso grounds in England and 
America? 1 shoiUd interpret the German term Haibkrtide as ‘semi 
gesso’ rather 'half chalk*. 

Hiding Power. Degree of opacity in a paint or pigment? ability to mask or 
conceal an underpainting. The term covering power is sometimes 
confused with it. 

Hydrofuge. A means of removing mristure? a substance or apparatus so 
used. 

Hydrophile. a substance which has an affinity for, or will attract water. 

Hydrophobe, A substance which repels water. 
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Hygroscohc. HaTiog the property of absorbiug and holding moisture when 
exposed to the air. 

Impasto. Thick, heavy paintingi usually oil painting composed of pro¬ 
nounced hrifftle-brush strokes or palette-knife applications, which 
stand out in relief and are plainly apparent to the spectator. 

iMPAJMATUftA. A veil or thin glaze of colour applied to a ground as a prelimi¬ 
nary coating. Term not in very wide use- 

Inem* Pigment. A finely powdered suhsiance, which when mixed with a 
coloured pngment causes no appreciable change in its shade or hue. 
Although inert pigments are used largely as adulterants or cheapeners, 
many of them are also employed to impart raluable or desirable 
phy^ol or structural propertias to paints and other mixtures, (See 
page 89.) 

InTONACCO. The final layer of lime plaster upon which a fresco is painted. 
Term not in general use. 

Japan. A loose term applied to two classae of varnishes: (1) Varnishes which 
are mixed mth paints in order to impart a gloss, Tliese are generally 
composed of resins and solvents with little if any oU, and are too 
bntUe to be used alone. (&) Decorative Japans. These are cheap 
enamels, almost always black, and almost always containing aiphal- 
turn. Used to decorate articles made of sheet iron and other metals. 
Some Japans dry iu the air and others require baking. 

Japan Diu£K$. A confusion of terms, Sometime* the materials referred to are 
vernish-peints which contain added liquid driers; more often they are 
reilnate driers in solution having no properties in common vrith the 
Japans described above. Japan colours sold in tubes and cans are 
ground in a quick-drying, resinous varnish which contains little or no 
oil; they are intended Sot tinting and uoderpainting purposes in 
industrial work, where a high oil content would be undesirable, and 
for quick-drying sign pednting and similar decorativi work which ia 
to be protected with a layer of dear, durable varnish. They are not 
to be used In permanent painting. 

LiPO. Prefix signifjdng oil or fat. Lipophile: a substance which has the 
property of attracting fats or oils, or a selective affinity for oil over 
water. Lipoid: a material belonging to a spediic group of chemical 
compounds which resemble fats or waxes in many of their properties. 

LoCAt< CoLGUA. The true or actual colour of an object as distinguished from 
the colour effect it produces when viewed as part of a whole composi¬ 
tion or when influenced by light or atmospheric conditions in nature 
or, in a painting, by the technique and intentions of the painter. 

Makouplage. Process of affixing canvas to a wall by means of a cement, 
traditionally while lead ground in mi. 

Medium. (1) The liquid constituent of a paint, in which the pigment is sus¬ 
pended, or a liquid with which a paint may be diluted without de¬ 
crease in its adhesive, binding, or film-formiug properties. (See 
vehide.) 
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(2) The mode of expres^u emi^oyed by an artist: etching, painting, 
sculpture, etc. 

(3) The actual instrument or material lased by an artist: oil paint, 
chisel, needle, etc. 

In general usage, the plural form of (1) is roost often mediums, that 
of (2) and (S), media. 

Occlusion. The surrounding of isolated paitklee of a substance by a solid or 
semi'Solid. Absorption or adsorption of gases by a solid. 

PALiTTE. Besides being used to refer to the implement upon which a painter 
holds or mixes his colourt, this term is employed to denote a selected 
assortment or limited group of colours, for use in a painting 

technique. 

PZASncizsiis, Substances added to ▼amishes, Ucquen, and paints in order to 
impart or maint a in necessary properties or correa irodesirable 
cheraaerisiics. The term is most often used in connection with pro¬ 
ducts which impart fiexibility and overcome a natural tendenq'toward 
brittleness, but it is also ap^ed to materials which improre brushing 
qualities, adhssioa, compatibility with psgmants, etc. When used to 
impart permansnc fUxn qualities, plasticizers should be non-rolatile. 

SPackunc Oft SPAftLLiNO (probably from the German tpachieiftj to putty up). 
The rectifying of a defect in plaster or a mural painting by digging 
out of the defective spot and filling it in with a plastic gasso, plaster 
of Paris, Keane's cement, or other drn jjer material. 

SUB-STftATUM. Base (as applied to lakes or let-down (agmeots), Also under¬ 
layer. Term is obsolete in English but current io other languages. 

TaOC Oft Tackiness. Adhetive sticbness, such as that of the surface of in¬ 
completely dried vamssb. 

Temper. This verb is femiliar through its use in referring to a conditioning 
process such as the hsai-treatmeot of steel and other materials, 
whweby strength, fle*il«lity, duailSty, or other desirable properties 
are iroperted. As applied to peint technology, the term has never had 
any wide \uege in America, but in European vrritings, both old and 
modern, it has been employed to denote the cooveision of an in¬ 
tractable, non-plastic substance into e material that has desirable 
properties for the purpose for which it is intended. In this sense, 
tempering would include making dry colours or stiff paste paints 
bruihable, permanently edherent, etc., by adding the proper medium 
or liquid, making a brittle or unyielding substance fle^ble or ductile, 
or imparting any good quali^ to a non-plastic material by the use of a 
liquid, a wax, etc. Our word tempera (see page 155) has the same 
derivation and was used in early Latin and Italian writings to mean 
any liquid medium with which {ngmenu could be combined to make 
a paint, the resulting |at>duct bring distinguished from fresco psint, 
which contained no added medium. Later the word was applied 
spedhcaliy to work done with egg-yolk{ after other materials were 
developed, the term came to include, as it now does, all painting 
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techniques that employ emuMonSf and sometimes (but not accu¬ 
rately) any aqueous opaque paint as distinguished from oil paint. 

TEfiSEiU. A small tile or stones one of the units of a mosaic- 

TOOTR. a alight roughness or coarseness in the surface of a dried paint film or 
painting ground, which assists in the application and bonding of a 
subsequent coat of paint. 

TiuCnoN. A defect of paint or varnish coatings, where the film cracks and 
the edges of the cracks recede to form wide, open fissures, dtsclostig 
the underlying surface. Colloquially called creeping or crawling. 

TrulusatiO. The first coarse undercoat of fresco plastering. Term not in 
common use. 

VcHiciB. A liquid used as the carrier of pigmenu in a paint} the term is inter¬ 
changeable with medium, but is perhaps more properly applied to the 
liquid used as an ingredient in manufacture than to a liquid added 
during painting procedure. 

VBRDAcao. A dark .greenish colour used in underpainting, outlining, or 
shading} no specific composiiion. 

Wkitswash. a rimpla mixture of dry hydrated lime and water; some im¬ 
proved and more expensive whitewash powders contain opaque white 
pgmenti and additional binder, or are wholly of the calcimine or 
cold-water paint type. Common whitewash is not water-resistant, and 
rubs off easily. 


Some Sources of Materials Mentioned in the Text 

In a work of this nature it ie dif^cult to recommend commercial brands or 
sources of materials; because of the ever-changing nature of trade conditions, 
one cannot vouch for the perpetuation of either the quality of any product or 
the poUdes of any firm. 

Tbeee notes refer to bade raw materials, rather then to prepared or manu¬ 
factured artists’ materials, except in a few cases where outstanding, reliable 
products have been established. 

The regular retail sources of chemicals and raw materials are to be recom¬ 
mended; when materiels are unobtainable from them, some of the large 
manufsoturen and direct importers will sell thdr products direct in lots of 
one gallon or one to five pounds; most of them, hovrever, prefer not to do this, 
but will recommend retail sources. 

The mention of a source for a raw materiel does not necessarily imply a 
blanket recommendation for everything offered for sale by the concern, 
especially where it handles prepared or meai;factured painting supplies as 
well as batic raw materials. 

Obvious difficulties prevent the list from being exhaustive, and it has 
been rather localized around London. 

Complete but rather indiscriminate lists of manufacturers and dealen in 
miscellaneous chemicals and raw materials, covering Great Britain, may be 
consulted in the following tvro publications: 
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Briiish Chemicals and Their ManufacturerSy the official Directory of 
the Association of British Chemical Manufacturers, 166 Piccadilly, 
London, W. 1. 

TVhere lo Buy Everything CkemiccUy ‘Wliere to Buy’ Ltd., ^ Welling¬ 
ton Street, London, W.C. 2. 

No distinction is made in these hooks between large-scale manufacturers, 
brokers, and establishments which sell small quantities at retail. 

Sereral of the well-known manufacturers of prepared artists’ painting 
materials sold at artists’ supply stores put up simple materials such as damar 
and mastic Tarnishes, stand oil, and Venice turpentine, in small bottles; the 
conTenience and aTailability of these small amounts are at least partial 
compensation for their higher cost. The painter who is experienced with these 
products can usually judge their quality. 

The tirms in the following lists axe arranged in alphabetical order. 


General Raw Materials and Chemicals 

There are dealers in most large cities, especially in industrial centres, who 
sell small retail amounts of a general line of chemicals and raw materials in 
both technical and chemically pure grades. Some of them specialize in 
supplies for industrial manufacturers; others are also wholesale druggists. 
Although they will seldom disclose the original sources of the goods they offer 
for sale, these products can usually be relied upon; the business of such con¬ 
cerns depends upon supplying the correct material for the purpose. Howerer, 
the grades of raw materials, especially of products such as oils and resins, 
which are adequate for industrial use, are often not the best possible for 
artists’ use. These concerns will usually stock additional supplies if there is & 
reasonable demand for them, or they will secure special materials on order. 
The following are a few firms of this type: 

Stafford Allen & Sons, Ltd., 20—42 Wharf Road, Qty Road, N. 1. 

A. Boake, Roberts & Co., Ltd., ^Ellerslie,’ Buckhurst Hill, ^ex. 

W. J. Bush & Co., Ltd., 28 Ash Grove, Hackney, E, 8. 

Evans Medical Supplies Lid., Speke, Liverpool, 19. 

T. & H. Smith Ltd., Blandfield Cheancal Works, Wheatfield Road, 
Edinburgh, 11. 

Thomas Tyrer & Co., Ltd., Stirling Chemical Worics, Stratford, E. 15. 
General Chemical & Pharmaceutical Co., Ltd., Judex Works, Sudbury, 
Wembley, Middlesex. 

Hopkm & Williams Ltd., 16-17 Cross Street, Hatton Garden, E.C. 1. 

Laboratory Supplies and Apparatus 

These are obtainable in most large rities; the following are some of the 
many suppliers: 

Laboratory Equipment Co., 25 Sidmouth Mews, W.C. 1. 
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Scientific Glasshlowing Co., Ltd., 93 Gray? Inn Road, W.C. 1. 

Scientific Supplies Co,, Ltd., 13 Vine Hill, E.C, 1. 

Among tile simpler pieces of laboratory apparatus and oquipment which 
are useful in the studio, are the following: 

For grinding pigments and other dry materials, also grinding or mixing 
powders vrith liquids—a glass mortar and pestle^ these are obtainable In 
various sizes. The porcelain Tarietiea are preferred by some, but the glass ones 
are usually adequate and more easily cleaned. 

For dividing mixed liquids which will separate into two layers (for in¬ 
stance, for separating the oil from water in the sun>renrung process)—a 
separatory funnel, which is a globular container with a stopper on top and a 
long stem below^ the flow of liquid is controlled by a stop cock at the pcdnt 
where the stem meats the globe. The funnel is held in a common ring or 
olamp stand while in use. 

The suction pump, bottle, and Buchner funnel described on page 97. 

Glass muUers, described in connection with the home manufaaure of oil 
colours. 

Other miKsllaneoua pieces of equipment whose value depends upon the 
type of work being done are the follo^ng, obtainable from common retail 
stores! 

For the intimate mixing or blending of pigments and other dry powders 
—a rotary flour sifter. 

Aluminium egg-eeparator. 

Rotary egg-beater and jar. 

Small household or beverage mixer with electric motor. The kind which 
can be held in the hand as well as set into a stand is most convenient. More 
expensive and more professional small mixers have motors designed for con¬ 
tinuous operation. A mixer may also be improvised by attaching a small 
motor, such as one from an electric fan or a dictaphone, to a verUcal propeller 
shaft. 

One-ounce, ecrew-cap, dear glass jars to contain tempera paints, colours 
ground in water, etc. Larger sisea are also useful for storage of pigments. 

Measuring equipment is mentioned on pages 419-20. 

Solvents 

Turp^tine, The clean, fresh material known as 'gum turpentine’, when 
purchased from e well-establiabed paint store which buys its materials in 
standard grades from reputable manufacturers, is identical with the so-called 
double rectified turpentine put up in small bottles and sold by artists’ supply 
dealers, and is likely to be fresher stock. The dealers in the artists’ grade are 
certainly entitled to a higher price in return for their careful selection of pure 
material and for the investment required to carry it in stock in conveniently 
small bottles, but the pure turpentine sold m bulk is not inferior in quality. 
It should be rej ected if it is cloudy, yellow, or if its odour is strange. If the head 
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of the barrel or the labd on the in which the dealer receiTea his ship¬ 
ments bears the name of the origineX producer the words ‘pure g!Utn 
9paiu of turpentine*, this is a further guarantee^ because Such kbelling and 
nomenclature are regulated bj the gorerunLent, as noted on page 265. 

Mineral Spirit, This material may "Iso be purchased at paint stores. 
It is usually called turpenone substitute or white s^rit. It should he di^ 
tingtushed from the other common material sold as painter*' henrine or 
naphtha. 

Alcohol. The strength of alcohol (percentage of alcohol in relation to the 
percentage of water) is reckoned by the 'ibooT system. In Britain, 99*24% or 
absolute anhydrous alcohol is 74 o.p. (orer prooOt 95*62% or Industrial 
water white is 66 o.p., 95*55% is 64 o.p. (The usual denatured alcohols 
available to the public are 61 and 64 over proof). The United Stetes system is 
different. The sale of the specially denatured alcohols is strictly regulated hy 
H.M. Customs and Excise^ such materials are not sold at retail hut only to 
industrial concerns. A permit to buy pure gyain alcohol or anhydrous alcohol 
for stated purposes, especisUy in small amounts, can sometimes be obttined 
from the local Ofncer of H.M. Customs. His address can usually be obtained 
from the diatrict post-office. 

Or^sr Solvents. All of the other solvaots mentioned in this book can be 
purchased from the rtw-malerial and chemical sup^y houses listed above, in 
the ordinary or technical grades as wall as in the more expentive chemically 
pure grades. The best-qurii^ grade of a solvent will often bs found 

suitable for most studio uses, espaoaliy when e purer grade ia very expensive^ 
but usually, when the purest grade ia obtainable, the difference in price will 
not make it worth while to use the inferior grades, particularly when only 
small quantities are needed. As a general rule the pure grades are more 
pleasant to handle because of their more agreeable odour. 


Ethyl Silicate 

This material can be obtained direo from Silicon (Organic) Developments 
Ltd., Victoria Station House, Victoria Street, London, S.W. 1 or from Silica 
Seal Ltd., Waetgata Hill Grange, Newcastle<pn-Tyne. 


Varnish Kssins 

Among the many importers of gums and resins are: 

Fletcher, Morgan & Co., Culmore Works, Clifton Crescent, S.E. 15. 
M. Hamburger and Sons, Ceylon House, Eastckeap, E.C. 5. 

Henry Miller & Co., Ltd., 60 Grange Road, Ealing, W. 5. 

Watts Ltd., 7^75 Fenchurch Soeet, E.C. S. 

These dealers, althoiigh their trade is usually in large quantities, will sell as 
little as five pounds direcL 
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Synthetic Resins (Plastics) 

All synthetic resios are marketed under trademarked names; these pro¬ 
ducts and their sources are idecclHed in the technical hooks on the subject. 
Those suitable for vamish use are made in heavy solution form as well as in 
the solid state. Few, if any, are available to non-mdustriai conaumers in aznall 
lots. 


Adhesives 

Olueg, The sheets of French rabbit-skin glue mentioned in the text bear 
the imprint 'Chardin, Pantin, France*, and the material is obtainable from 
most of the retail dealers in technical raw materials and chemicals and from 
some of the more complete paint stores. 

A pure rabbit-skin glue which appears to he about equal to the French 
product is made in powdered and sheet forms hy the Union Glue and Gela- 
dne Co., Ltd., Craniley Works, Garrett Street, Golden Lane, E.C. 1. Because 
of long usage and wider availability in retail amounts, the French material 
seems to be the standard. Celf-skin glues, paler, cleaner, and dehnitely 
stronger in jelly strength than rabhit-sldn glue, are also aveilable^ recipes for 
employing them to replace rabbitHkin glue must be worked out by the user. 
Th^ ers doeely related to gelatin, but their properties ere belencod enough 
for general adhesive and binding purposes. 

Gslatin. The best grades of clear, white technical gelatin are sold in 
powdered form^ the imported varieties come in thin sheets put up in packeges 
wrapped in blue paper. Gelatin is usually obtainable from the dealers in 
genertJ chemicals end raw materials or from the Union Glue and Gelatine 
Co., Ltd., mentioned above. 

Sisk Cius is sold in liquid form, and may be purchased in hardware and 
chain stores in good quality in small bottles end tins. 

Cassin. Casein will not give good results unless it Is fresh stock end of the 
best quality. It is normally obtainable from the usual general chemical or 
raw-material supply houses; but casein is now totally controlled by the 
Board of Trade, who are the sole importers and distributors. If the use for 
which it is required is approved supplies are drawn from The Lactic Casein 
Importers Assodaiion Ltd., 25 St, Swithin’s Lane, E.C- 4. 

The prepared casein adhesive is sold in powder form under trademarked 
names such as Casco Casein Glue, Certus, Lactocol, Laitzo XXX, etc- The 
first-mentioned firm produces a flexible adhesive, Casco Cement, wjjich is the 
casein-latex cement referred to on page 249. These adhesives can be obtained 
in most ironmongers, domestic, and paint stores; infitructions cn the package 
must be carefully followed. 

Pigments 

Dry colours are sold in small amounts in some artists* supply stores; they 
are put up in small packages by some of the well-known manufacturers of 
prepared artists* materials. 
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A verj complete supply erf diy trdsu' {agments, sold in small amounts, 
wU be found at L. Coraeliasen & Son, 22 Great Oueen Street, Ijondon. 
W.C. 2 X » 

While paintars who use dry colours should insist upon securing the purest, 

highest'gnde pigments, there are some purposes for which more common* 
place and more easily obtainahle grades are useful. These grades are uni* 
▼enally sold in paint stores. For the best artistic painting pwposes, howeyer, 
only ^gmants of known on^n should be for ^ese one should go 

to reliable dealers who have the knowledge ••riA faitilitias to test and select 
their supplies from ^mfing the best sources. 

All colours sold for ceramic uses are specially treated. They contain flusdng 
and refractory Ingredients and are not suitable for paint purposes. 

Containers 

Percenta Ltd., 150-152 Tobley Screoi, London, $.£.1, carries an assort* 
ment of leter^lid paint tins and screw*top cans. Rawbridge Ltd., Dutch River 
Works, Rawcli^, near Goole supply an assortment of bottles and cartons. 
Empty tin tubes, double 4 inch and | lb. sire, can be obtained from J. Bryce 
Smith Ltd., 11 7 Hampstead Road, London, N.W. 1. 

Gold and Other Metaluc Leaf, Gold Size, Bronze 
Powders, and Accessories 

These materials can be obtained from such Artists* Colourmen as J. Bryce 
Smith or Comelissen, addreese s as ebove, or h'Otn some and colour 
merchants. Gold leaf in Britain is in extremely short supply^ retailers now 
receive only a smaU quota at infrequent and irregular intervals. 


Oils 

Selected painting dls are put up in f™*ll bottles by the manufacturers of 
prepared artists’ materials} whan it is important to use the best grades of 
exact matarials, only the rery highest-quality brands are reliable. When 
larger amoimts are required, when one detirea more exact identification of 
the oil, or when for the sake of economy one is willing to take the trouble of 
shopping for and storing a large can of these materials may be purchased 
in lots of one gallon or more from the general raw-material supply houses. 
The varieties of industrial linseed tdl mentioned in the text, paint grinding 
bleached paint gruiding vannsh cnl and stand oil are widely manu¬ 
factured, the following manufacrurers are among many: 

Biddle, 5awer & Co., Ltd., 4 Grefion Street, London, W. 1, 

William Butler & Co., Ltd., St. Philipe, Bristol 2. 

Dussek Brotheis & Go., Ltd., Thames Road, Cr^ford, Rent. 

John M. Hamilton & Go., Ltd., Humber ^ Works, Hull. 

They are not sold direct to retail users, but may sometimes be obtained 
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through the reta£ deelsrs in general raw material*. The price range of the 
Tarious hinda of linseed oil is not greatj while the costs fluauate according to 
market conditions, there is seldom a differential of more than a few pence 
per gallon "between linseed oils of various degrees of refinement. The fact that 
an (5l is unsuitable for artists’ use does not necessarily signify that it is an 
inferior oil? all these oils are made with equal care to meet the requirements 
of their various purposes. 

As noted in the text, the highly bleached paint oils are less desira'ble then 
those of a more normal colour, but the colour stability of stand <ul, and per* 
haps some of the modem pale varnish oils, is satisfactory. 

Poppy and Walnut Oik. These are retailed by the manufacturers of 
ardst's oils and colours and can usually be obtsdned from an artists’ supply 
stores; they can be obtained through the trade, in larger quantities, only 
under licence from the Board of Trade. 


Dyes 

Dyestuffs for all putposea, soluble in water, oil, or alcohol, may be pur¬ 
chased from: 

Cole dt Wilson Ltd., 24 Greenhead Koid, Huddersfield. 

Colne Vale Dye & Chemical Co., Ltd., Milaibridge, Huddersfield. 

Gerthwood Co., Ltd., 4 Uoyds Avenue, London, £.C. 5. 

Imperial Chemical Industries Ltd., Nobel house, 2 BucMnghem Gate, 
London, S.W.l. 

A. E. Robinson iSt Co., Wesley Road, X/eeds, 12. 

The Yorkshire Dye were & Chemicel Co., Ltd., 24 Lower Basioghell Street, 
Leeds, 1. 

White Lead in Oil 

For priming cenveses end for other usee which will consume comperati vely 
large quantities of paint and which do not warrant the piu^hase of the ex¬ 
pensive and more carefully prepared flake and Cremniu whites sold as 
artists’ tube colours, white lead ground in <a\ may be bought in tins or pails. 
The brands of the large well-established producers are carefully compounded 
and serve well for these purposos. Most of them are blends of pure white lead 
carbouates made by moro than one process. 

The modern product is now sold in two varieties, one is straight white 
lead in oil, the other is a softer pasta which contains a small amount of tur¬ 
pentine or mineral spirit so that it can be more easily broken up with oil and 
thinners and mixed with tinting colours. 

Some of the widely distributed brands are made by: 

British Chemical Products <fe Colours Ltd., 6-7 Buckingham Street, W.C. 2- 
Lonabarc Ltd., Cranbrook Road, Ilford, Essex. 

Metallo Chemical Refining Co., Ltd., Palmerston Hoxise, Bishopsgate, E.C. 2. 
The Mersey White Lead Co., Ltd., Warrington, Lancashire. 
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Other Pigments in Oil 

Zinc oxide and all the common pagment colours sold in tins at paint 
stores are ground in oil to a rather soft conartency. They are useful for some 
purposes, tut never as oil colours for artistic painting. They should bear the 
label of a well-known, reputable maker, and the auc oside should be of the 
French process variety (red, green, or white seal). The best brands of rinc are 
ground stiffer than the other tinting colours and are useful in making oil 
grounds, etc. The cheap grades of painters’ colours in oil sold in tins are 
often poorly ground and grossly adulterated. The coloured pigments are 
ground with an excess of oil for convenieuce in tinting liquid paints and, even 
if pure, are poorly adapted to most techniques of artistic painting. 


Glass Mullers 

Mullers may be had from various artists’ supply stores or from general 
chemical and laboratory supply houses. 


Porcelain Enamelling 

The following concerns are experienced in firing the finished work: 
Defiant Enamel Co., Ltd., John Penn Street, X^doo, S.E-15. 

Vitreous Enamelling Works, Osborne Road, Acton, London, W. 5. 

Ceramic colours, may be purchased from Martin Colour Co., Ltd., Gate 
Street Mills, Hanley, Staffs., and from Alec. Tiranti Ltd., 72 Charlotte Street, 
London, W, 1. 


Washable Casein Wall Paints 

Under a great variety of trademarked names, such as Arduro, Beldec or 
Duresco, these paste or semi-liquid paints are sold in most paint stores. A 
gallon will make about gallons of finished paint. Some dry-powder paints 
are sold in competition with them^ these are seldom of equal value, and will 
not usually prodxice as fine or resistant a surface. 


Industrial Paints, Etc. 

In buying ready-mixed paints, enamels, varnishes, lacquers, etc., one 
should select the products of the large, nationally known, reputable com¬ 
panies^ materials which are not sold below the generally prevalent prices for 
highest-quality goods are usually guaranteed against inferior results. The 
majority of failures of such materials are caused by improper selection of the 
product for the purpose, or by improper application. Well-established, com¬ 
plete retail stores ore usually able to supply information and advice on these 
prepared products. 
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Lithographers’ Supplies 

Crayons, traaafer paper, tusche, etc., are obtainable at some artists’ supply 
stores. The following are dealers in complete ei^uipment and supplies for 
lithographers, both artistic and industrial: 

L. Cornelissen & Son, 22 Great Queen Street, London, W.C. 2. 
Hunter-Penrose Ltd., 109 Farringdon Road, London, B-C. 1. 

W. C. Kimber, TanJterton St. Works, Cromer Street, London, W.C. 1. 


Etchers’ and Engravers’ Supplies 

A well-stocked artists’ supply shop will often carry enough etchers* and 
engraven’ materials for most purposes^ the following concerns spacielize in 
these materials and are listed under thw main spedalities: 

Etchers’ and engravars’ supplies, tools, copper and zinc plates, stael facing 
of etchad plates: 

W, C. Kimber, Tankerton St. Works, Cromer Street, London, W.C. 1. 

W, Y. Rhind, 69 Gloucester Road, Regents Park, London, N.W. 1- 
Wood blocks for engraring and cutting can also be obtained from the above 
0rms, or from T. N, Lawrence, 4 Red Lion Court, Fleet Street, London, 
E.C. 4, who specializes in wood engraving tools and meteriala. 


Sculptors’ Materials 

A complete range of tools for wood and stone carving, modelling and 
plaster casting ii supplied by Alec. Tiranti Ltd., 72 Charlotte Street, London, 
W. 1. There are no spedGc suppliers of woods for carving, Tiranti can some- 
times supply small pieces but a general timber yard is the common source. 
Likewise, there are no spedhc suppliers of marbles and other cut stones for 
private sculptors; small supplies can sometimes be obtained from hrms of 
monumental masons but the quarry itself is the usual source. The Directory 
of Quarries and Qayworks etc., published by The Institute of Quarrying, 
Salisbury Square House, London, S.C. 4 contains a comprehensive catalogue 
of British quarries and the stones and materials they can supply. 

Plastic /kfognsnh, Fillsrs and Suppliss. 

Names of suppliers of plasdc megneda can be obtained from The Joint- 
loss Flooring (Oxychloride) Association, 69 Cannon Street, London, E.C. 4. 

Commercial Standard for Artists’ Oil Paints 

The following are the spedncatlous to vv^hich reference is made on pages 
25 and 509, After being approved by manufacturers and by artists’ organiza¬ 
tions according to the procedure of the American National Bureau of Stand¬ 
ards, they were offldslly promulgated and went into effect May 10th, 1942, 

A standing committee upon which manufacturers and artists’ organiza¬ 
tions are equally represented will arrange for future improrements and 
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periodic reririoDSf and it is expected that, if the project is successful, standards 
gOTeming minimum quality requirements will he adopted for all other 
artists’ supplies that can be so regulated. The material and data upon which 
this project was based were developed by the Paint Toting and Research 
Laboratory of the Massachusetts NVPA xmder Che direction of Frank W. 
Sterner end Rutherford J. Gettens. 

Printed copies of Commercial Standard CS 98-4S, Artisu' oil paints, may 
be purchased from the Superintendent of Documents, Washington, D.C., at 
5 cents each. 

Recommended Commercial Standard for Artists’ Oil 
Paints 

As adopted by the General Conference held in New Ycrit, February 9, 1940, 
with lubsaquent adjustments by a tpedal committee appointed by the General 
Conference. 

PURPOSE 

1. The purposes of the commercial standard are to serve as a guide to aitliti in 
the purchase of peinta of satisfactoxy colour, working qualiqr, and dura^ty; to 
aUminace confusion in nomenclaTure; to promote fair competition amosig mean* 
faeturers by providing criteria for diilereatiitioii among paints of known satis¬ 
factory composition and otben of unknown or inferior quality and thus to provide 
a bans for certification of qualigr. 

This commardal standard c o ver s requirementi for ertiits’ oil paints 

of satisfactory colour and duraUlity. It is not intended that all paints meeting tbe 
requirements shall be identical, nor of uniibnn excellence in all respects. Varia¬ 
tions in manufacture and grinding not cootroUed by tbe specification may cause 
some artists to prefer one Inand over another, both of which a» acceptable under 
this specification. 

SCOPE 

2. This commercial standard covere one grade of anista* oU padnts and Includes 
criteria of colour, nomenclature, chemical compositieo, working qualities, Ugbt- 
fastness end perfnrmance. It also coven methods of testing to de^nstrate eon- 
fbnnance with the standard, packaging, end certification of quafi^. 


NOMENCLATURE 

S. The paint nome* given in Table 1 and Table 8 indkate the chemical nature 
of tbe [dgxnent or are those which, through usage, have become aseociated with 
that pigment. Tbe use of these names for nmilarly coloured pgments is not per¬ 
mitted by this standard. 

GENERAL REQUIREMENTS 

4. ibsL be of good grade. Composition and identic shall conform to 

Table 1 and Table 2. Organic or toners shall not be used to fortify or sophisti- 
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cate inorganic ^gxaent$. Subidtution of similarly coloured plgmocts it not per» 
milted. 

Q. Vehicles thall consiat of pure drying oils, linseed and/or poppy oil only, 

€. Driers may be used in amounts in paintt that contain pigmentt 

which have a retarding effect on the drying of oils to allow them to conform to 
diying'rate requirements (paragraph 7). The maximum amocmtof drier, however, 
slull not exceed 0*2 per cent cobalt or 0«1 per cent manganese, calculated as metal, 
on the weight of dl. 

7. Drying raU shah be determined by the sand and pressure testing devices. 
Paints shall dry to both tests within 21 days and net under 3 days at 76° F. and 55 
per cent relative hiimidiy. See paragraph IS. 

8, Cotfsistency of artists’ oil paints shall be determined by use of a standard 8- 
kilogram Paste Paint Consistometar. Readings between 2 and 5 will be acceptable 
under this standard. See paragraph 80. 

8. Brushing quah^ of artiste’ oil paints shall be determined by observing the 
handUng quality of the paint when manipulated with a brush. All ar^sts’ oil paints 
shall brush out smoothly, evenly, and easily, leaving a normal brush mark. They 
shall not be sticky, thick, or rubbery, nor too fluid. There shall be no free or excess 
oil. They shall not contain skin and shall be uniformly ground. They shall retain 
their form and shall not level out when applied with a palette knife, ^e paragraph 
81. 

10. Tinsmg strength of arditi * nl paint shall not be less than that of the standard 
adopted for each fdgment. See paragr^h 28. 

11. Composition at the p^nt, governed by the reladve amounu of vehicle, 
pigment, and inert used, shall produce a paint of satisfactory working qualities, 
conforming to all requirements of this commercial standard. 

12. Inerts and fillers shell not be used in amounts that will Impur the tinting 
strength, the drying time, and the working qualities of the paint. 

15. Metallic soaps and/or refined beeswax may be used in minimum amounts 
to produce desirable working qualities, coosiiteney, and to prevent settling of pig¬ 
ment, but the quantity used shall not exceed 2 per cent of the weight of the pig> 
ment 

DSTAIL RS<^UlRkM2NT3 

14. Li^-Jastnsts. All pigments included in Tables 1 and 2 have been shown to 
resist fading satis&ctorily when used in oil painting and under normal conditions 
of BjqxMuie. No accelerated method of testing for li^t*£istoe» has been found to 
be directly comparable with normal use conditions, but, for purposes of test, ex¬ 
posure to sunlight under spedHed conditions has been found to be of some value as a 
means of grouping paints on the bans of futuess under test conditions. The group¬ 
ing of pigments covered by this commercdal standard, when painted in ml on non- 
abeorbeot supports and unmixed with other pigments, is shown in Tables 1 aitd 2. 

14a. Group I paints shall resist fading to direct sunlight at southern exposure 
under glass at 45* angle for 2 months. This shall include at least 600 hours* sun- 
bght, as shown by weather reports foom the nearest United States Weather Bureau 
Station. 

14b. Group II paints shall resist fading to direct sunlight under above condi¬ 
tions for 1 month. This shall include at least 300 hours* sunlight. 

1^. The above tesu shall be made in the period from April 1 to October 1 of any 

446 



COMMERCIAL STANDARD 

given year. If this method is impracticabie, orin case of dispn», the paints be 

tested under conditions agreed upon by sJl 

15. A^czmes imder which artifts* ml paizus conforming to this commerdal 
standard are sold, the pigments used ul tb^ ccmpceition, and the Iight>fosmess 
grtmp of each, shall conform to Tahk 1 and Table 2, Gfossary of Terms. Only 
paints whose label s and contents rxmfonTt to the nomenclatuie and composition as 
indicated in the Glossary of Tenns are acceptable. To asait in transition from past 
no menda tura to the standard nomenclature as ezz^tloyed in the Glossary of Terms 
{Tables 1 and 2), the manufacturer shall be pemiicted for a period of two years 
aRer acceptance of thii standard to carry on the label as a subtitle, in smaller type 
and in parentheses, his customary darignarion for pigment identic or colour 
description with which his clientele has become accustomed, but use of such sub¬ 
titles shall be disconrintied at tenmnation of the cvO'year period. 


TAItZ l. STAHDAKD FAINTS—OLOaSAKY OF TIAMS 


Paifii Same 


Alstarin crimson 


Alitarin rose madder 


Burnt sienna 
Burnt umber 

orange 

Cadndum red deep 
C admium red 

di um 

Cadmium red light 
red deep 

Cadmium-barium 
red medium 
Cadxnitun‘harium 
red light 
Cadmium yellow 
deep 

Hadmiiim yellow 
medium 
Cadmiiun yeQow 
hght 


TeU Group 
(e/. par. 14) 

The synthede or natuial red organic dye* Group I 
stuff 1 , 2 >dihydrox 7 anihnquinone pre- 
dpitated on a base of ahuninium hydrate 
The synthetic or natural red organic dye* Group 1 
stuff 1 , B’dih ydr oacyanthraquinone pra- 
dpiuted on a bara of aluminium hydrate 
Iron omde prepared by calcining the natural Group 1 
earth, raw rienna 

Iron osde and manganese dkodde pigment Group I 
prepared by qldning raw umber 
CAAmMrf, su^hide, CdS orfu]ph> Group I 
selenide,Cd$+CdSe 

Cadmix^tn sulpho^elenvie, CdS 4CdSe Group I 


Cadnuum snlphoeelemde c cpre d pitated 
with barium ralpbjrte, CdS^CdSe^ Group I 
BaSO| 


Cadmium sulphiiie, CdS Group I 
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Paint Name 

pigment 

Test Group 



(^. par. 14) 


CadjniuDi-bajium 
yellov? deep 

Cadnurnn^lxirium Cadmium nJphide copredpitated vriih Group I 
yeUow medium barium sulphate, CdS +BaS 04 

Gadmium'berium 
yellow light J 

Cerulean blue Combined oxides of cobalt and tin, CoC. Group I 

nSnOg 

Chromium OMde Anhydrous chromic oxide, Cr^j Group I 

green 

Cobalt blue Comlsned oadde* of cobalt and aluminium, Group I 

CoO.Al,Os 

FlaJte white Basic lead cerbouatt, 9PbCO| Pb(OH) j Group I 

Green earth Natural earth conaisting chiefly of the Group I 

hydrous siBcates of iron, aluminium, 
magnesium, and potassium 

Intdan red Nearly pure iron eaddc Ttfir I* ““Y ^ Group 1 

either natural or aitifidal in origin. 

Ivory black Amorphous carbon produced by charring Group! 

animal bcnea 

Lamp black A nearly pure amorphous form of carbon Group 1 

made from the condensed smoko of a 
luminous flame 

Light red . A natural iron oxide, FejO,, with varying Group I 

proporriona of inert 

Mara orange Artificial ochre conaistiog chiefly of iron and Group I 

aluminium osddai, Fe|0| + Al^^ 

Man red Artifidel ocbre consisting chiefly of iron and Group I 

aluminium oaddea, FaiOf ^^^a 

Mara violet Artificial iron osdde, Fe^Gi Group I 

Mars yellow Artifkial ochre consisting chiefly of hydrous Group 1 

o»de of iron and aluminium, Fe^Oi. 
nH,0 +AlfO,.nH,0 

Phthaloeyanine blue A lyntbetio organic dyestuff which is copper Group I 

phthalocyauine 

Phthaloeyanine green Synthetic organic dyestuff which ia chlori* Group I 

nated copper phthaloeyanine 

Raw sienna Natural earth that consists chiefly of the Group I 

hydrous rillcates and oxidea of iron and 
aluminium 

Raw umber Natural earth that consists chiefly of the hy> Group I 

drous oxides MTid silicates of iron and 
manganese 

Titanium white A white contsiniug at least 30% titanium Group I 

dioxide (TiOg) and free from lead; 
balance either BaS 04 and/or ZnO 
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Faint NoTTte 

Ihgment 

Test Group 
(^.par. 14) 

Ultramaiine blue 

Complex of hwH aTuvniwinm 

with fo^bor 

Gronp I 

UltremariTte red 

Cconplex alicete of caul aluminium 

cnth culphur 

Group 1 

Venetian red 

Artifilial or natonl iron oxide, with varying 
propoTtums of inert 

Group I 

^jidian 

Hydr^ chromic oidde, O/)«. 2 H |0 

Group I 

YeEow ochre 

Artificial or natural suxime of bydroui iron 

with ahtwiiwa an^ 

Group I 

^nc white 

oaode, ZnO 

Group I 


Note: ThtT^unoclamthaianth^pi^matoUs^ii^oixersstahUandtUsiraiU 
undar ail cendidons. Tha list ai pmatt induda ort^ the boaerdstaun and mora 
stable pigmenis. Itisto he understood that the chemicalformtdes used in the tables ere 
Tiet intended to indieate the exaa cimnical compodden of the pigments hta rather 
their approximate or suhstardial compodtkin. It is recogn^ed that tn the preperadon 
of certain pigments it it often necessary to incorporate modi^ing materials w/dch 
are Ttcttohe regarded atjOlers, extenders, ora^dterwus. 

16. Special painu lined under Tebla 9 bdude thow «rkkh mejr not be ngU’ 
Urly luppUed by come meauAcmren becauce of Utile demisd, but tie lifted in 
thif ccendard for thoce who wicb to purcbace 


TAXtx 9. apxaAL paiyTi— otoasAnY ox nxMa 


Aint^ame 

Figment 

Test Group 

Cobalt green 

Comldned oxidea of tine and cobalt CoO. 
nZnO 

Group I 

Cobalt violet 

Anlqrdronf cobalt phocpbate, Co«(PO«)|, or 
anenate, Co^CAfO^lt 

Group I 

Cobalt yellow 

Potaecumcobeltinicrite, CoKt(NOa)|.H|D 

Oroup 11 

Manganece blue 

Barium mangmnMtf- with barium sulphate, 
BaMD 0 « 4 >Ba£ 0 « 

Group 1 

Manganeie violet 

Manganeae ammonium phosphate, 
M 11 NH 4 PO 4 

Oroup i 

Prussian blue 

Ferrk ferrocyanide, Fe 4 CPe(C^g)t 

Group I 

Strontium yellow 
(Lemon yellow) 

Strontium chromate, $tCz 04 

Group n 

Ultramarine green 

Complex Silicate of sodium and alumimum 
«ith sulphur 

Group 11 

Van Dybe brown 

•Ritiiminnm earth Of lignite, with small 
amounts of iron, uid nlka 

Group n 

Vermilion 

Mercuric suipbide, Hgb. i-aa be dengnated 
as Enghfh, French, or Qtinese 

Group n 

7 .mg yellow 

2sjic chromate, ZnQ 04 

Group G 


3 e 
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METHODS OF t2$T 

17 . h^mgnts generaJJy may be identiTied by the luual methods of analysu and 
identificatioa of inorganic and organic compounds. In cases of doubt the methods 
employed by the Massachusetts Art Program, Paint Tes^g and Research Labora- 
tory, maybensed- 

iS. Drying raze: Preparation of samples, apparatus, ami schedule given below. 

I8e. Apparatus: 

1. Humidity- and tamperatuie-contToUed test room, mamtaimng approw- 
mately 7S®?- temperature and 55 per cent relative humidity. 

2. Sand testing apparatus. 

3. Preisura Wong apparatus. 

4. Bronze template 0*010' thickness for use on 3x6* test panels. (See 
below.) 

5. 3x5' glass panels (window glass thickness). 

6. 2 ml. capacity measuring ring. 

7. Doctor blade. 

8. 60 mi. burerte. 

9. Palette knife. 

10. Glass or marble misng slab. 

I8b. ?r«paracion o/wi panels: Two aal. of the paste paint are meaiurod out m 
the ring and placed on the test plate; \ ml. of turpentine is added and thoroughly 
mixed vrtth the paste with a palette knife. The thinned paini is spread out on the 
glass panel to 0*0 lO' thickness with the aid of the template and a doctor blade. 

Idc. Srh e^ dt: AH tests are to be conducted in the controlled test room »d the 
tpedmens are to remain there until the tests are completed. The first test is to be 
made at the end of 3 days (72 hours) and the second at the end of 21 days (604 
hours) after the paint has been appU^ and the sample has been deposited in the 
test room. 

1 Sd. Procedure and interpretation: 

I6d 1. Surface drying rates shall be tested with the sand type instrument.* 
which permits one gram of sand to flow over the painted surface held at an angle 
45* with the vertical, fbr inddantal tests, if this instrument is not available, tsind 
may be poured by band from a teaspoon. Sand shall not stick to the film nor leave 
a visible mark. 

ISd 2. Film drying ratt ihal) be tested with the pressure type iaitrumcnt,* by 
which two hundred grams weight is applied. For incddantal tests, an ordinary metal 
ring with a sharp edge (like a wedding ring) pressed on the paint film by a 200 
gram weight may be used. The ring shall leave no visible mark on the film. 

19. Z.c^-/a5t7i«fa shall be determined in an out-of-door (roof) exposure rack 
which is constructed to hold panels at a 45* angle to south exposure. The specimea 
shall be protected from rain and dirt by glass windows placed not less than two 
inches fnm the surface of the specimen. The trindows shall be kept clean through¬ 
out the test No obstruction Aall interfere with exposure to fu^ sunlight at all 
tunes of the day. 

19a. Support for exposure tests shall be smooth opaque white, or opal, glass. Two 
specimen panels at least 3x5 inches in size shall be prepared by brushing out the 
paint as it comes from the tube without addition of thinner. In referee tests a Bird 

• For photograpli and des c ription, see ninth edition of Gardner’s book,** pp. 
llO-l. 
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applicator giving a film thickaess of 0*003 inch shall be used. TVben dry, but not 
before one week, one spedmen is placed in the exposure rack and left for a period 
conforming to its test gronp (see paragraph 14), The control panel gbgll be kept in 
diffused light during the period. The extent of fadi n g shall be judged by compari* 
son of the exposed pane l with the control panel. A suitable varnish may be ap^ed 
to differentiate between ^dicg and chalking. 

20. Consistency is measured with an instrument by which the pasta paint is 
deformed underpressure. 

20a. Eqidjmenz: 

1. Brass template approamatefy 4 inches square and 0*250 inch thick with 
centred hole holding 2*0 ml. of paint. (Diameter 0*79 inch.) 

2. Glass plate with concentric drcles, numbered from 1 to 7, and spaced 

1 cm., 2 cm., 3 cm., 4 cm., 5 cm., 6 on., 7 cm. from the inner circle 

whose diameter corresponds to the centred hole in the brass template. 
The chart is drawn on paper and glued to the back of the glass. 

5. Wooden frame for housing template g^s. 

4. Palette knife for applying paint to template, 

6. Twc^kilogram. weight. 

6. Glass plate for pladng on top ofpaintafter template has been removed. 

20b. Proctdxtre: Place the glass plate with concenTrio rings face up in the 
bottom of the wooden frame. Place brass template over g^ass plate; if no frame ox 
housing is used he sure the template is centred. !R11 hole of template with paint 
to be tested and level off. Lift template from plate, take the plain glass plate and 
lay on the paint and apply evenly the two-kilogram weight. Leave until th e paint 
has ceased to spread. Paint of proper conristency »han spread over the No. 2 ring 
and not over the No. 5 ring. 

21. Brushi]^ epjalixy: This test shall be performed by a technidan skilled in the 
use of artists’ dl paints. Settlement of dispute ah»11 be referred to a committee of 5 
technidans sacisfrictory to both parties. The technidan should observe how the 
paint brushes out and handles, and he shall describe these qualities is the foIIoW' 
ing terms: 

(a) kSVnooEA, describes a print which spreads evenly and easily, leaving a 
normal brush mark. 

0>) Stid^ or taeJ^, describes a paint which is thick, viscous, or rubbery and 
diScult to apply. 

(c) Fbiidy describes a paint which flows too rapidly for correct handling. 
Paints very fluid in character leave little or no brush mark, and wh^ 
applied in impasto lose form and 'level out’. Any change in the levelling 
of paint over a period of 24 hours should be observed. 

22. Jlttangrtr^rtgE^.* 

22a. Equipment; 

(1) Template, measuring ring, or other suitable device for volumetric 
reduction of paste paints, 20:1 end 10:1. 

(2) Heces of flat glass for use in miring the paste. 

(3) Flerible spatula having a 3-mch blade for mixing. 

(4) Scraper or flexible doctor blade for smoothing down the paste coloxir for 
comparative purposes. 

(5) Standard tint for the paint to be tested. 

Note: A limited number of sets of standard tints of all paints listed in Tables 1 
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and 2 are avaikble, under appropriate conditions, to those ‘tvho are required to 
compare manufactured paints vdth tbe standards, hy applying to the Chairman of 
the Standing Commiuee for this standard. These standards are made in volumetric 
ratios of 20:1 and 10:1 udth the zinc oade standard reduction paste desciihed in 
section 22b. 

b. Materiah: 

(1) ^nc oxide standard reduction paste made from the ibllowing formula 
as outlined by the Federation of Paint end Varnish Production Qubs, 
Official Digest, No. 120, 1029 (November, 1952), and published in 
H. A. Gardner’s Physical and Clwnical EkaminaHon of Pa^, Far- 
TiUhci, Latqucrsand Co^ourr, 9th edition, 1939, p. 93. 

300 parts by weight Green Seal osde 

64 parts by weight poppy seed m 1 
2 parts by weight calcium stearate 
1 part by weight turpentine 

c. iVocetfure; 

(1) Keduce one volume of the psdnt to be tested with 20 volusnes of the 
standard reduction pasw. thoroughly with spatula on glass plate. 
Paint out tbe reduced paint on a suitt^ support and, after drying, 
compare the colour strength with the tinting strength standard for tiu 
fdgment being tested, ^gard strength (value) only: diHerencea in 
colour mused by naturally furring differences in fdgments shah be 
difregarded. The colour tinting strength shall equal or exceed the 
standard. (Tbe tinting strength tens for green ear^ and ultramarine 
blue [Table l] and cobsdt violet fTable 2] are made by reduction vath 
standard reduction paste 10:1. The tinting strength standards of paints 
made with these ^gments have been made by 10:1 reduction [instead 
of 20:1] because they have inherently low tinting strength.) 


tABSLUNO AND PACCAOINO 

29. Poxka^/\^: Artists’ oil paints shall be packaged in tubes made of suitable 
metal. 

a. Standard siM tubes shall be approximately 1 by 4 inches over-all and shall 
contsin not less than 97 ml. of paint. 

b. When inuUer ilse tubes are required, they shall be approximately i by 4 
inches over-all, containing not leas than 10 ml., or approvmately i by 2 inches 
over-all, oootaintag not less than 6 ml. 

c. White paint may be packaged in tubes approximately 1} by 6 inches over-all 
containing not less than 190 ml. 

24. Lah^iing of artists’ oil paints shall indicate the following: 

a. The complete paint name indicating jdgment composition in conformance 
with tbe standard nomenclature in the Glossary of Terms, Tables 1 and 2, sections 
IS and 16, shall be clearly printed on one tide of tbe tube in letters of equal site and 
Imponance, Subtitles, which are permitted for two years (see paragraph 19), shaE 
appear in wTiBni>r type and In parentheses directly under the paint name. 

b. Contents expressed in millilitres. 

c. The certification of conformance to the commerdal standartL 
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CSKTlFICATlOtf 

25. It is recooun^nded tliat axtisu’ oil paints coafoizoing to this coauuorcaal 
standard shall be certlBed by the manufacturer through the use of the following 
statement appearing on labels cr inyoices: 

'The-- Company certifies this artists' cdl paint to conform 

to all requirements of Commerdal Standard CS 98~43, issued by the 
National Bnreau of Standards.' 
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I n the &Uo llfla of boolu, * an aRempt hai been made to select Tepresentative 

works on each subject, rather than to collect every available reference. The Una 
are therefore by no means exhaustive. Ai far as possible they Include oz^y 
vndely available volumes; few of the books mendonod are sot to be obtained at the 
lar^, more complete libraries. An effort has also been made to limit the liftings to 
English and American works, mention being made of books in other languages ozUy 
they contain significant matarial not available m English. Most of the com- 
plata manuals 42ul stupes hstod contain esnensive bibliographies on their ipecialited 
subjects; these should be consulted when further titles are required. 

The annotatiozu are intended as bhef guides. Partly adverse critldsm does not 
imply that the work os considered bed; books of slight value and outmoded books 
hove been excluded. Inclusion not only denotes approval, at least in part, but in 
many oases indicates that the work has in some way iniluenoed the material in this 
book. The lists of modem books are arranged in chronological order. 

It may be remarked that few intelligent users of technical books expect that 
they can be taught a craft by reading ab^t it; they recognlee that such books are 
iunilax in function to their other means of acquiring prcfidency, and that some 
degree of skill Is required to got the best from them. Also there are valuable books 
on techniques wbi^ were written fay artists on the basis of porsozwl experience; 
these arc naturally coloured by the writers* own artistic and practices, which 
are often at variance with those of the reader. One must be able to extract from 
such accounts the matter which is directly applicable to general technical procedure 
or to one’s own purposes, and to overlook such prejudices and opinions as may be 
enugonisde to one’s own. Technical works which have been written from an in¬ 
dustrial or other non-anisde vievvpolnt are also difficult to apply, and only the 
artist of considerable practical ej^erience in the materials or methods under dis* 
cuiiion can adapt or transpose such matter to his own purposes. However, because 
this branch of the subject has a fundamental bearing upon any complete study of 
the mattrisls, selections of these works have been included. 

Each of the following three general art bibliographies was compiled to be a 
gtiide for establishing the nucleus of an extensive and incluiive art library, the 
first being the most limited, since cost, availabili^, end, to some extent, language, 
were taken into consideration in its compilation. 

List cf bocks for a coilege art library —E. Louise Lucas. 27ee Art BuUatvi, VoL 
Xt, hTo. S. Kew York, September, 1929. 

Booh on art. a fomdaticn Louise Lucas. Cambridge, FOgg Museum 

of Art, Harvard University, 1936. A selecdon for the nucleus of acomplete fine-arts 
Ubrary, Including the most valuable and widely referred-to volumes, chosen with* 
out regard to availahili^, price, or language. 

Suggoitions for the library of a small museum of art —Lu<^ D. Tuckerman. 
Publications ofthe American Association of Museums, New series, No. 6. Washing¬ 
ton, 1928. A list based on the library of the Worcester An Museum. 

• The Pubiishen listed are British firms unless otherwise stated. 
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Eaaly Paintinc Materials and Mstziods 

Th« oldAT "books, iacluding those of the loid-iiiiieteenth century which contain 
translations and coxontents based primarily upon studies of the early manuscripts, 
axe valuable sources for study but as a rtOe cannot be used as practical manuals for 
artists. For example, the Eln^lisb books of the middle of the nineteenth centnry 
which mention tempera methods and materials were written hom an oil-p aintin g 
viewpoint, the interest in tempera bring purely academic; the idenriHcadon of raw 
materials mentioned in early documents and the interpretation of procedures re¬ 
corded can for technical and artistic qualifications which the authors of these books 
did not always possess. See the next group of books for works written riom a more 
modem viewpoint. Modem students apply analydcaJ and synthetic methods to the 
ezaminadon of early works of art, and comhine the results so obtained mth the 
study of early writings to a greater extent than did former authors, the majority 
of whom relied almost entirely upon their ovm translarions or Intexpretaricns of 

books mpniiarr ipta. 

1 . TTieopJirastus* hisio/y o/itonss, with an English version and notes "by Sir John 
Hill. London, C. Davis, 1774. Manuscript of tbe fourth century B.C.; one of the 
earliest Greek sonrees. Pliny incorporated it in his works. Mentions a few augments, 
etc. 

2. yiimvuiS on archixeemre, e^tedand translated with notes by Frank Granger. 

W illtpm Hrinemann, Ltd. A first-century B.G. treatise on architecture, building, 
and general mechanical and subjects, including many topics relating to 

the Roman materials and methods of fresco painting of the d^, which were based 
on elder practice. 

3. The elder FUi^s chapters on chemied subjects, edited with cranslarion and 
notes by Eenneth C. Baify. 2 "Vols. Mew York, Longmans, Green, and Company, 

im 

4. The elder Plir^s chapters on the history of art, translated by E. Z. Jex- 
Blake, with commentary and historical introduction by E. Sellers and additional 
notes "by Dr. Hemrlch Ludwig Uhrllchs. Macmillan & Co., Ltd., 1896. Phny’s 
work is largely a compilation of the general knowledge of his day (first century). 
Some of the details are based upon legend and hearsay, others are in complete ac¬ 
cordance with esTa.bhshed ideas and methods. Some of his material on painting 
comes from Greek sources, other parts stem directly from Vitruvius. He is rather 
vague on many important details of studio practice, rither "because he felt that they 
were common knowledge and not worth going into, or beca u se he had slight first¬ 
hand acquaintance with them- Pliny, Vitruvius, and Theophrastus are almost our 
only literary sources for studies of Greek and Roman materials and techniques. 
When other writers of this and earlier periods are dted, it is usually with reference 
to a brief mention or to i»^ated remarks, sometimes merely a due or the inddental 
use of atermorname of a material in some noc-technical work. 

5. The Greek Herbal of Dhscorides. ‘lUusirated "by a Byzantine A.D, 512, 
put into English by John Goodyear A.D. 1655, Edited and first printed by Robert T. 
Gunther, Oxford; printed by John Johnson for the author at the University Press, 
1954 * Manuscript origmally wrinen in the first century, and rather widely dis¬ 
seminated and translated in medieval tunes. A description of natural products and 
some processes, written from a medical viewpoint. Mentions a few pigments, oils, 
resins, gums, solvents/ 

6. An Essay upon various arts by Theophilus Presbyter also called Pugerus, 
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forming an encyclopedia of Christian art of the deoerah century. Orig^ftl T-arm 
^th English twwlation Robert Hendrie. John Murray, 1847. The treatise of 
Theophiius is generally accepted ai the standard work on early Northed methods 
and materials, as that of Cemuni is for Italy. The date is disputed, hut is more oRen 
said to be twelfth eleventh century. The work covers a variety of arcs and 
oiafts. There are also bunerous earher Elnglish and later French and German 
Iran slataons. 

7. Transladons of Cenjdni. This work was writtexi in the fifteenth century and 
supplies our most autbentio and complete description of early Italian painting 
techniqaes and materials. Three known manuscript cojdei exist; these have been 
studied and translated into English as follows: 

Ceirniw dc drea Cermini, written 1437 and published in Italian by Tam- 
^roni—Mary P. Memfield. London, E. Lumley, 1844. The first English transla- 
rion; of considerable interest, but superseded since lS9d by that of Lady Herring- 
ham. 

The book of the art of Cevuno Cenruni—Christiana J. Herringhajn. Allen and 
Unwin Ltd., 1930. A carefully studied translation &om the pedat of view of an artist 
and practical student of techniques, with notes including a review of and soma 
comparisons with other early manuscripts, interpreurioos and explanations of the 
texts, and studies of the materials mentioned. Opinions on modern xnateiiels and 
their epplications somewhat out of date (original edition 1899). 

Csnmno H Drea Cermini da Coiie ^ VeX d'EZsc. II Ubro deH'Arte, edited by 
Daniel V. Thompson, O x for d Univerrity Press, 1959. The translation is in a com- 
penicn volume: 

The craftsmcjCs Daniel V. Thompson, Oxford University Press, 

1939. This presenution of the original and its tranilatjon are made in the light of 
modem understanding of the technology of painting. 

8. Vasari on \echnipua, translated by X.ouiia S. MacLehoie. L M. Dent Ltd., 
:907. An English translation of a lixtaenth-centuiy book deabng with Itahen Re¬ 
naissance methods of scu^iture, architecture, painting, and other arts and crafts, 
by the author of the well-known Lives of die painters. 

9. A critical essay oaos^ pmnriRg^Rudolph Erich Raspe. London, K. Goldney, 
1781. *An essay on oil painting; proving that the art of paring in ril was known 
before the pretended discovery ol J. and H. Van Eyck, to which are added Theo- 
philus, de arte pdngendl, Eracbui de anibui Romanorum etc., revie w of Farinator's 
Lumen Aniznae.* 

10. The art of painting in oil aTui in fresco —T. F. L. Mdrimie. Translated from 
the 1830 edition (Paris) by W, B- S. Taylor. London, Whittaker and Company, 
1839. One of the ilrst of the carefully written bocks on methods and materials; an 
authentic account of the knowledge of its day. 

A maraud of fresco end encaustic pointing—W. fi. Saisfield Taylor. London, 
Cbapman and Hall, 1845. One of tho earliest complete and intelligent English 
studies on &esco. 

12. The art offescopaiming as practised by the eld Italian and Spanish masters 
—an inquiry into the nature of the colours used^-^Aery P. Merrifield. Loudon, 
C. Gilpin, 1846. 

13. Original treatises datingfrom the tu*e^ to the eighteenth ceTUuries, on the 
arts of painting, etc., etc. Q Veil.—Mary P. M»rifield. Loudon, John Murray, 1849. 
These two books contain translations of most of the web-known European manu¬ 
scripts on pamting techniques. 
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14. a history of oU panistg—Sa ChiAis L. Eastkie. Loedom 

. Brown. Grem and T^gnv i n. Ift47. 0« of the mo« camplw rtudiw 

(rf pwntin^ mate^, method*, and tachsLiue* ew undenahen oo^ bask of 
htera^ of ^ part. Thexe is also a two-Toluma edition of 1669, which 

con^add^ poe^umou* a«« and an inikx which k lacking in the orianal: the- 

author had planned to expand hk woA to lai^ proportions. 

}\'^'^a>^mo<iernaUctinfrtwnthee^Huaper^ 
t^rdurrwaioTuiamstuaJpnpenus^W^ London, Longman, 1855. 

A ttudy of ancient cnlouw and medioau from documentary sources. 

P^dclp^ J. M. StoddaK, 1873. CoDttmporaiy aonons of various eaX 
mneteenth-centojy American artko* techniques. 

Not. Numeroiij practkal handhoob on artiia' methods and materials were 
^tten m ^gla^ during the seventeenth and d^toenth cenmiies; they are 
intCTOtting, but they seldom c ontain vakahle information that is not found in the 
earher works or matter of pnctkal value that has not been superseded by nine- 
teenlh-caniury books. Mon an libraries contain examples; a good list has been 
compiled I7 Laurie. ** 


MoD»aN STUDiia of Earlt Paimtino Mat*iuau and Mxthodf 

general books os painting maceriali and owthodi lined in the next group 
contain many references to this eul^ect, aepedally in reladoa » modem practice. 

17. Btitr^ gw BitudMuiiit^GgtGhidUa dgr Mohachmi. 6 vols.—Emrt 
Berger. Munich, Callway, 1904-09. Complete etudiee of painting techniques from 
manuscripts, axcbaeologial Tehee, and chemical research. Fully illustrated. Containr 
some original cpinioos which hare rince been much disputed. 

16, ^ra and crafu 0 / ancwir Rinders Peoie. Edinburgh, T. 

Foulis, 1909. Petrie hm written much else on Egyptian teduuques. 

19. Gres* and Homan moAods 0 /panting—A- P. Laurie. Cambridp, Uni- 
versity Press, 1910. ‘Some cemmeatt car the ftatameutt hy Plhiy and 
Vitruvius about wall and panel painting.' Original interpreutkns and studies of 
early methods and materials. 

20. F>aseo painting, io art and sscAm^ue—James Ward. Chapman and Hall 
Ltd-, 1909. A description of the buon fram procets of Renaissance Italy and its 
adaptation to Enghsh practice \ description of mneteenth>century EagEsh methods; 
critical studies of frescoe s of the Italian masters. 

21. The work of N 08 I Heaton on the Minoan frescoes, referred to in the text,, 
was published in several papers, witi) ^dhvos and alterations appropriate to the 
interests of the variooi audieocee to yrhom it was presented, u follows: The 

decorator of ancient time*.London, 1911, 

p. 93; ‘Minoan hme plaster and freeco painting.' Journal oftha Hoyai Soda^ of 
British ^rofutBCts, London, 1911; 'The materials and methods of decontive paint* 
ing.' Royal Socie^ of Arts, Cantor Lecturts, Lomlon, 1912; ‘The mural paintings 
of Enosm.* Papers of the Soda^ of Mural Decorators orA. Painters in Tempera 
Vol. n. London, 1925. (See number 39.) 

22. On £b naOtre and mshod ofeaecsaian of epecimms ofpainiad plaster from 

the palace Tiryns—^^d^ Healcs. N.d., n.p. 

23. The maferials ofAe painter's cn^ in Bssropefrom the earliest times to the 

XyjIA century udth some account of dvir preparation and use _A P Laurie 
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Edinburgh, T. N. Poolu, 1910. An iiloirrated study of ttcient painting materiaJi 
nnd nutbods, mth an asecensive bibliography. 

24. Th£ j>igm*nts and mediiims of ^ oid mAcZerr—A. P. Laune. MacmiBan & 

Co,, Ltd,, 1914. Studies of old techniques based on cheroical and microscofnc 
examinations as well as upon a Rudy of early records, Microscopy of brushwoii 
and examination described. 

25. Ondne chemistry of Aa onaenz Assyriejxs —R. Campbell Thompon. Luzac 
andCon^any, 1925. Conoins many references to pigments, 

26. Ancient Bgypden maUrials and industries. 2nd Edition—A. Lucas. E. 
Arnold and Company, 1954. A carefully authenticated study of Egyptian tech¬ 
nology, including the materials and methods used in the arts, 

27. Origins anddev^opmsnz ofappiicdchemisvy—^. R. Partington, Longmans, 
Green & Co., Ltd,, 1955. Stu^s of pigments, other materials, and technical pro¬ 
cesses of the earliest dviliwitions I very complete and detailed references. 

28. 2Vie materud of medisved painting—Titxddi V. Thompson, Alien and 
Unwin Ltd., 1936. Early methods and materials lucidly conndered and expUined. 

pAJNTWO MaTZWAU ANO MaTKOOS-^OC*AN 

29. Letters » a painur on rts theory and practice of painting—W. Ostwald. 
Translated by H. W. Morse. New Yorfc, Ginn and Company, 1907. One of the first 
books written by a modem chemist on the lubjecCf contains much original and 
practical information on the prindplei of sound working methods. 

SO, The chemUiry of paints and painting. 4cb Edition—Arthur H. Church. 
Seely, Service and Company, 1915. For many yean the outstanding artists* book 
on materisls end methods. Although outmoded In part, it is still ^ conudenble 
value and interest. The author was the leading ^glish authority of the nine¬ 
teenth and early twentieth centuries. 

Materials for permanempaintingiX^W) itiA 

32. How to paint permanent pictures i\%^) —MaxlmilienToch. New York, Van 
Nostrind. Intfrucdons to aitiiti on eonect technique for oil peintlng, by an 
American authority. 

55. Enlu/ieketxmg laei IVerkstpffe der IVandmaierd —Dr. Alexander i^bner. 
Munich, Heller, 1926. A study of mural methods and materials of aH ages. Ex¬ 
tensive Mbllography. 

34. 2Vsa painter's methods and rrvaeruds—K. P, Laurie. Seeley, Service & Co., 
Ltd., 1926. Covers most of the essential ptnnts on oil, tempera, and fresco painting 
in a satisfactory manner. 

55. Simple ndesfor painting in ode—K. P. Laurie. London, Winsor and Newton 
Ltd., 1932, Concise shortbookofoutliited rules for art nudonts. 

56. The permanent paUtte —Martin J. Fischer. Mountain Lake Park, Maryland, 
National Publishing Sotiety, 1930. Some data and personal recommeodaiioiu on 
materials and methods for permanent piling, clearly presented 

37. Notes on the tetkrdques pninhog—Hilaire HUer. Faber & Faber Ltd., 
4th edition, 1948. Contains practical hints and personal observations on arcists' 
materials end procedures, also a large polyglot bibliography. Includes many com¬ 
piled ledpes and instructions, mostly of French origin, 

38. The materials of the artist and their vse in painting, with notes on the tech- 
Twjues of the old masters —Max Doemer. Harrap & Co., Ltd. Covers the variotis 
te^^iques of painting from all singles of interest to the artist. The translation does 
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not have quite the clarity and diiecmeB of the original, and the contenw have not 
been adapted to American usage. Doemer's analyae* of the techniques 

of the old nuscen axe v«y well done, and are based npos a study of old pictures, 
documentary evidence, and reconstnictive methods. 

39. Papers of the Soci^ of Mvral Thooraon and Pairaers in Tempera Vol 
I—Edited by M. Sargant-FIorenca, 1934; VoL H—Edited by John D. Baxter, 1935; 
Vol. in—Edited by M- Sargant-EWenca, Dolphin preas, 1956. Studies, papers, 
and reports by members of the Sodety on the methods and materials of painting. 

Tempsra 

The general work on painters' methods and materials listed in the preceding 
secnon include references to p^mting 

40. Tempera und Tempera Techak — Znst Priedlein. Munich, CaEwey, 1906, 

One of the iim modem practical handbooks on the subject. Contains a collection of 

its author's own reopes for a large number of groundi and emulsions. Although 
many of these are outmoded or contrary to best practice, as will be realised by 
experienced painters, the book cmtains mtichof interwt. 

41. The practice of tempera porntw^Daniel V. Thompeon, Oribrd Universicy 
Pren, 1936. A book of instructicin on tempera painting, upon and derived 
ftoxn the method of Cennini and adapted to modem usage. 

42. Papers p/the Soeie^ ^Mural Decorators and Painurs in Tempera. See 
number 39. 

Watsr Colour 

43. The art of landscape painting in water cofonrr—Thomas Rowbotham. 
Winsor and Newton. 

44. A system o/water<oieur peinting^-Airoa Penley. Wxneox and Newwc. 

45- A guide to water-colour painting-^^. P. Noble. George Rowney and 

Company. 

The above three small handbooks, Bret published in the nineteenth century 
and continued in many reprinted edidoni, are practical guides to the older ^pe of 
craftsmanship. 

46. Making water colour behamiX^iV) and 

47. Making the brush behave (193$)—Eliot O'Hara. Putnam dt Co.. Ltd. These 
two books, octentibly written for the novice. f«tain mttch of interest to profes* 
rioaal painters. Manipulations are exfdained according to the writer's personal 
methods. Modem, direct methods are empbamed. 

Pastel 

46. A manual on pastel painting —L. A. Douet. Frederick Wame and Com¬ 
pany, Ltd., 1933. Instruction on technique; studies of the various edecas which can 
be produced by pastel 

49. The art of pastd—Tertitk Williams. tHtman 6c Sons Lid., 1937. Inscruc- 
dons and hints on techniques. 

Graphic Arts 

The Hrst three axe some of the earliest treatises on hthograpby: 

50. A complete course in lithography^^A^ Senefelder. London, 1819. The 
original work of the inventor of the process. 

51. The art of droning on tume-^, Hnlhnandel LMidon, 1834. 
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52. A manual of Utho^aphy^K. Raucoun. London, 1^2. 

53. Tha grammar ofli^graphy-^'^. D. Richmond. Saveral editions through 
t he nineteanth century. Thi* English rr>an»a3 li a complete work on the subject but 
is of minor interest to the ardst because it is largely concerned with industrial 
methods. The more modem industrial books on the subject are still further removed 
item the artist's viewpoint. 

54. American graphic Frank Weltenkampf. Macmillan & Co., Ltd. A 
history and critical review of all artistic^ reproductive, illustrativo, joumalistie. and 
industrial griphiC'asts media in the Uaited States. JUustrated. Bibliography. 

55. Thaarto/aehin^li. S. Lumsden. Seeley Serviced Co.. Ltd.. 1925. Com* 
plete and detail^ English manual of practical etchings Ulusrrated. Includes van* 
atiozu such as day point and aquatint. 

56. Lithograpf^ for arristt —-Bolton Brown. Chlcego, 1929. An outline of 
artistic lithography for the artist who prints his own stones and stakes his own 
craycoi, inks, etc., based on the author’s personal opinions and preferences. 

57. Lithography as a fna ort^A. S. Kartrick. Ox&rd University Press> 1932. 
A pracdml handbook. 

55. Maldng an fiching—'Ltvtai West. The Studio Ltd., 1932. An alaxnentaiy 
outline of the proceM ^illustrated with 17 action photographs, and reproductioiti of 
typical works of 15 artists. 

59. HandhookofprvitrrialtingendpriTamakars^o'tt'a Taylor Arms. New York. 
Macmillan, 1954. Brief, concise outlines of the graphi&'arts techniques, and a 
rather compleu outline of the history of each. Critical estimates of the artists of 
the past end present. 

60. Silk scrun praedet and iht roUtr process—F. A. Baker. Blaadford Press. 
1934. Almost entirely concerned with industrial practice. 

61. Lithography—Article In Bneyclopaadia Briuinmca, 14th Edition. The 
lection beaded *The Process^ was written by George 0. Miller, an American 
printer of artists* lithographs, and gives a concise description of modem methods. 

62. Aquatint —D. F. Morrow. Putnam & Co., Ltd., 1935. Describes the tech¬ 
nique of aquatint and all its veriationsi with reproductions of oontemporery 
Amsriesn work. 

63. Making a Uihograph-^toTf Wengenroth. The Studio Ltd., 19S6. An 
elementary dsicription of lithography for beginners with 15 action photographs of 
the various processes, and reproduc^os of tjq^eal eaamplei of the techniques of 
l6arTi8ti. 

64. The siik screen priTOing process—Jacob S. Blegelrisen and E. J. Buienbark. 
McGraw-Hill Publishing Co,, 1936. Covers tbo industrial applications of silk 
screen, with some reference tc its use by artists. 

Colour Prvii^: a practical demonstration of Colour Printing by Letterpress. 
Photo-offaet lithograph, and Drawn lithography, with illustrations demonstrating 
alternative methods of production and including a comprehensive odour char^^ 
Thomas E GrifSti. Paher & Faber Lid., 1946. 

The Technique ofCdcur Prvoing by Lithography: a concise manual of drawn 
lithography—Thomas E. Griffita, Faber & Faber Ltd, 5rd edition., 1948. 

A Handbook of Priming Types with Notes on the Style of Composition and 
Graphic Processes used by Cowells—John N. C. Lewis. Faber & Pbber Ltd., 2od 
edition, 1948. 

ff'ood Engraving —John Beedham, With an Introduction by Eric GiB. 
Faber & Fbber Ltd., 7th impresrion, 1946. 
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TFiUiam BUkd's Engraangs ^ted whh an Introdncdon by Geoffrey Keyno*. 
Faber & Faber Ltd., 1990. With 142 Ulnstretioiu (25 of there printed &om elecon* 

types of Blake’s original engravings^. Otmin n Alsu ip tion* of emm m»t>^ 

of en^re^in^ and etching. 

Processes Gra^iic B^produaion in Priming —Harold Curwen. fiber & 
Faber Ltd., 2nd edition, 1949. A comprehensive survey of every method. T^th 18 
insets, some in cobur, and 135 drawings. 


CR7MI4TRY AND TbCHNOLOCY OF PaINTINO MATIIUAI^ 

The books on the technology of paints, vanishes, pigments, thrir raw 
materials are written most^ from the riewpcant of lajge*scale mdustrial produc* 
tion, and although they are of valne for study reference, the mfbmarion they 
oontain is on^ occasionally directly applicable to artists* prwriee. 

The procedure for gathering chemical or referencee &om periodicals 

is familiar to those who are equipped to ■<«im il aT*> such inionnatiMi. Sdentiric, 
technical, and trade journals axe ^stematkalfy axul are alto brought 

together periodically in such indesne as CAsmtcaf AbsO'^aa, IrAustrial Am Indsx, 
etc., and in the catajogues of hbrarias. 

Besides the general chenncal jouraala, tire following periodicals zney be men* 
tioaed as having particular intarest for tboee ccocemed with the subjects men- 
rio n ed above: Journal of the OH and Cofeur Charnel Aeeodatton. JouttioI of 
Chemical EdueattOTi^ Pa^ otA FarruAt Produetien Manager, Technical Studiat in 
the FiAd of the Fine Arts, and soma of the trade journals which serve the various 
industries. 

Gknbaal 

65. Chamietry end technology of paino —MarimUsu Tocb. Third Edition. New 
York, Van Nostrand, 1996. A standard American work for paint manufacturers 
and chemists. 

66. Outivw of paint teehnAegy —Nodi Heaton. C9»rlas Griffin & Co., Ltd., 
1926. A sBndard review of iodustr^ practice. 

67. Tbs c^emLsEr^q^pomes, pcigmmis, and t**rmsAes—J. Gauld Seam. Ernest 
Berm, Ltd., 1933. A condse outline of industrial methods. 

Pigments 

66. Colours for painting —Ri&ult, Vergnaud, and Toussaint. Translated from 
the French by A. A. Fesquet. Philide^ihia, Henry Carey Baird, 1874. A complete 
and authentic contemporary account of aariy and middlg nineteentb^entuiy 
methods. 

69. A tnatiaa on cofour manufittu r e Georg Zerr R. Rubencamp. 
Charles Griffin and Co., Ltd., 1906. An English translation of a German work, 
complete and acetuatei and a more recent German edition, Berlin, Union, 192S. 

70. ArdstA Frederick W. Weber. New York, Van Nostrand, 1926. 

A catalogue and description of pogment cedours, with a conoderable section on 
elementary theoratical chemistry as it concerns the manufacture reactions of 
pigments. 

71. The marmfoOure of lakes and prteipilated pigmaa^-h- W. C. Harrison. 
Leonard Hill, Ltd., 1930. A concise onthne; co ve ii all aspects and applications of 
pigments. Bihhognphies and reviews of researches. 
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72. The German FArberaab^im pon Gustav Schulis and the 

75. Brituh Co^ur md&s of the Society' of Dyers and Colourists are authoritative 
catalogues of all dyestuffs, and include seedona on paint plgmenta. They are 
standard reference books for colour chemisti. 

Drying Oils 

74, Uher feae LeinSlersatzmiUel und Alexander ^bner. 

Munich, D. Heller, 1922. An important work on drying oils ^th particular re- 
ierenea to artists’ paints; original work and studies either researches. 

76- Drying oUs and drters-'Loadon, Oil and Coloux Trades Journal, 1924, 
Concise, elementary outline of the chemistry of drying oils. 

76. VegetabU fats and otls—Locus Edgar And4s (translated from the German). 
4th edition revis^ and enlarged by H. fi. Stocks. Scott and Greenwood sind Son, 
1926, One of the older reference books, revised for modem use. 

77. 'The chemistry of drying 5. Morrell and H, R. Wood. {Oil and 

Colour Chemistry M^ogr^hs.) Ernest Bezm Ltd, A standard work on drying oilsj 
includes references to important reaeatchei. 

78. The ehemical technology ofoilSifatSt and waxes. 5 Vols.^J. Lewkowitech. 
Macmillan & Co,, Ltd., 1922-48. A complete, authoritative treatise. 

VARmsHsa 

79. Farmehss and their components-^. S. Morrell. Oxford University Frees. 

80. Famish maJeing—T. Hedley Sarry and George WlUiam Dunster. Leonard 
HU], Ltd., 1934. 

RiaiNS 

81. Nansrai varnish resins—T. Hedley Barry. Ernest Benn, Ltd,, 1932. A 
complete study of vamiih resins. 

82. Die Alexander Tichirieh and B, Stock. Berlin, Bomtraeger, 

1933-1935. An exhaustive treat! le on all reilns. 

AaPRALTS 

S3. Slacks and pitches—H. M. Laughton. New York, Van Nostrand, 1923. 

64, Asphaite and allied si^stances. 4th Edition—H. Abraham, Chapman <& 
Hall Ltd. ^ 

Lacquers and Synthetic Rzsins 

85. Pyroxylin enamels and lacquers. 2nd Edition—Samuel P. Wilson, Con¬ 
stable & Co., Ltd. 

86. The (dtemiscry of synthetie surface coatings —William Kromhhaar. Chap¬ 
man & Hall Ltd, 

86a, ^mthetic resins and allied ptasties—^. S. Moirellj collaborators: T. Hedley 
Barry, R. P. L. Britton. H. M- Laughton. Oxford University Press, 1957. 

Solvents 

87. VdlatiU solvents andthirmers—l^oillieeXon. Ernest Benn Ltd., 1926. 

88. Arfuanes—Thomas H, Durians. Chapman and Hall Ltd., 1958, 
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Recipes 

89. The Sdendjic Jlmerieoft cydopetHa t>f ^arroilas —Albert A. Hopkicj, 
editor. New Yor^ Sdentific American Pnbluhui^ Compui^, 1955. 

90. 30^ centaury hook of forrm^^ processes, end trade «creO-^ardner D. 
Hi»cox, editor. Croiby Lockwood & $oa, Ltd., 1957. 

91. 27ie Atomical forrmdary. 3 Vcds.—H. Bennett, editor. New York, Van 
Noetrand, 1933-^. 


Chsmical Handboois 

92. Hendbook of chermstry-^atysen A. Lan^. Senduaky, Ohio, Handbook 
Publiihin^ Gompeay. 

93. Handbook of chemistry end physks.o^Xod^ C. D. Hod^iraan. Cleveland, 
Chemical Bobber Company. 

93a. Chemical enntel, edited by John C. Olaen. Chapman & Kail Ltd. 

Tablei, facton, and condae re&rence dataier chemifta. Tbeee hooka are uiuaBy 
reviaod annualJy. 


TuTmo ASD Analysis 

94. Physical and cHermcal exeminatian of paints, vemishes, lacquers, and 
colours—MsTtrj A. Gardner. Wasbinftoo, Inedwte of Paint and Vanuab Beaeaircb. 
Reviaed annually. The meet complete vohame on the lubject; known ai the *p^fit 
cbanuiu’ Bible*. 


CONSBAVATION, TlCBNICAL StUOIBS, BBSBABCB, BTC. 

95. The ads of old masters and the Romney cate Rivard W. Ll^d. SkelHo^ 
ton Son, Ltd., 1916. The rtcsy of Hdgetkns on the authenticity of old maitert. 

96. The cUaning and restoration of museson e^dbits —Alexander Scott H.M. 
Stationary Office, three reporta, 1921-S3-S6. Modem metbodi of conaerving and 
reatoring all typea of muaeom exhibits. Alio lee a more recent addition in A/uaeuma 
Journal, VbL 33 pp. 4*6, April 1933. 

97. The gentZe art of faking—'Rjsxxxdo NohilL Seeley Service & Co., Ltd. An 
intereating eaaay on the counteHating of worii of art from the earlieat timea to the 
preaent. 

97a. Fakat! a Hassdbook for CoReetors and Sbadants—Otto Hun. Faber & 
Faber Ltd., 1946. Deeia arith artistk forgeriea—£iked pictsrea, drawinga and 
aculpture. 95 illuftradons showing origanelj and &kes. 

96. The restoration cfhrontes and other allo ys C. G. Fink and C. H. Eldridge. 
New York, Metropolitan Museum, 1925. (Also see i&Kyctopaecfet Briiennica, 14th 
Edition, artade 'Bronze and Brass Onunaotal Work’, section 'Corroiion and 
Beztoration’.) A deacription of the restomion of corroded antique bronzes and 
other metals hy an ele cirolytk method whidt converts (he cerrodon back into its 
metallic form, thereby retaiaing the sur^ce merkingi of the original work. 

99. Pictures and how to dean them—T. R. Beaufort. John I.ane, The Bodley 
Head Ltd., 1925. Deals mainly w^ the conservatioo and repair ;^cturea on 
paper- 

100. 77k sciendjic exanwtaa<et of ^utures^-^4aitin A. De Wild. Transla t ed 
from the Dutch. G. Bell & Sons, Ltd., 1929. On^nal researches on the applications 
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cf modem teohmquv to the rtudy of painting methodi and xnaceriel;, the con- 
eervation of paintings, etc. 

\^\.AstudyofR£mbrandtandxh£painlingsofhisschoclbym«a7isofma^mJud 
photogrcph^K. P- Lavuie, E. WaJier, Ltd.» 1930. 

102. Paint, paiT^tings, and reswraCion —Mudmilian Toch. New York, Van 
Nostrand, 1931. An account of modern advances in the technology of pigments, 
solvents, identification of old paintinga, techniques of conservetion. 

103. The bru^iwork of Rembrandt and his sdiool, illustrated by photomiero' 
graphs—A. P. Laurie. Oxford Univerai^ Press, 1938. 

104. Antiepies, their r^toration and ^raserudhoR—A. Lucas. Revised edition. 
Edward Arnold & Company Ltd., 1938. Conservation of miscellaneous museum 
exbibitsc a complete guide to the subject. 

103. iTfra-redpkoto§rap}^^S, 0. Kawling. and Son, Ltd., 1933. 

103. The preservation of ansiquidei^H. J. PlenderMth. The Museums 
Assodahon, 1934. Conservation of miscelianeoui museum collections. See number 

108. 

107. Neuli^on old A. P. Laurie. Sheldon Press, 1935. A geneial 

«ccoant of methodi, materials, and technical studies of painting, in a rather 
popular version. 

108. The censtrvation of prints and drautngs~~H. J. Plenderlalth. The Museums 
Association, 1937. A sequel to number lOd. Both of these small books are compila¬ 
tions and reviews of the most modem and approved methods as itandaxdiaed and 
practised by their author at the British Museum. Written with regard ibr the re- 
q^uirementi of the nan-profiesiional restorer. 

109. Stop that smoAe/—Henry Obermeyer. New York, Harpers, 1933. A popu¬ 
larised account of air pollution in America, with bibliography and sources of ^ta 
on many aspects of the subject. 

110. Ttchnkal studies in the field of the fine arts- Cambridge, Fogg Museum, 
Ktrvard University. A quarterly jouxnsi, published since 1938. It prints original 
papers on materials and method of art, iKth by the tts£ and by outside contri¬ 
butors, and abstmcte of all the important current publications in this field through¬ 
out the world. The only American periodical in its field. 

Note. The following books, previously listed under other headings, also treat 
these topics: 

10. Mirimde (1839) 

84. Laurie (19 H) 

30-Church (1915) 

34. Laurie (1985) 

38. Doemer (1934) 

ScuLPTuns 

111. Modelling and sculpture —Albert Toft. Seeley Service & Co., Ltd, A begin¬ 
ner's manual of materials, tools, and methods of procedure for mcdellmg, carving, 
casting, and bronzing. Reproductions of sculprure of all ages critically analysed. 

118. Modelling and sculpture in the maidng—Sajgetsst Jogger. The Studio Ltd. 
(Howto Meke It* series). A short, elementary outlinei photographic iUustratioru. 

115. Trade names and descriptions of stones—Fnnk A. Lent. New York, Stone 
Publishing Company (the magaiine Stone), 1925. A descriptive list of all the 
American commercial varieties of building stones and the important European 
Stones. 


464 



BIBLIOGRAPHIES 

^ o/earlx Or^sca/poin^tmJey Caswn. Clawndoa Prew, 

1933. Complete «tudy of Gre^ loethod* of non© carving. 

115. and marbU carving^Mea MjUct- Alec TinnM. Lid-, 19+8 TTith 
a chapter on tho pointing method by Prof«»or Garbe. and a useful descriptive 
mt ol British carving stones. ^ 

Italian Renaissance methods are described in Fiuari on technique (number 8). 


Pbrspsctivb 

116. Perspective as applied » pt'caras—Res Vicat Cole. Seeley Service & Co 
Ltd. A Thorongh and cconplete English textbook for artists. 

n?, SUTTientary Freehand perspective—Doze. M- Norton. John Lane, The 
Bodley Head Ltd., 1928. A short study in non-mathematical perspective for 
beginners. ‘ 

118. -rf manual on simple perspeawe—L. A. DousL Warne & Co., Ltd. 1935. 
A short study in non-mathematical perspective for beginners. 

U9. Perspecrit^—Prank Medworth. Chapman & Hall Ltd., 1957. Perspective 
applied to pictures from a careful, accurate viewpoint, dealt with in an advanced 
manner. 


Chinise and Japanese Materials and Techniques 

On Japane^ pigments—T. Takamatsu. Tokyo, 1878. Researches on the narare 
of Japanese pigments. The total list resembles those in the seventeenth- and 
eighteenth-century English manuals, where all sons of permanent and furtive 
colours are named without discriminaiion; the vegetable pi^oients, for the moat 
part, are very similar in nature to those in European use in the seventeenth and 
eighteenth oentuties. 

The pictorial ans of Japan—Wmiem Anderson, Sampson Low, 1886- A 
complete, illustrated study of art, artists, techniques, and works of art. 

On the lotos of Japanese painting^Iloniy' P. Bowie. San Francisco, Paul Elder, 

1911. An exposition of Japanese theories, prindples, and techniques by an Ameri¬ 
can who was trained in the Japanese school of painting. 

‘Studies on the ancient pigments in Japan’—Rokuro Uvcmnra. Eastern Art 
VoL III. Philadelf^hia, 1951. 

‘Linear perspective in Chinese paintings’—Benjamin March. Ibid. 

Some technical terms of Chinese painting —Benjamin March. Kegan Paul Ltd., 
1936. A study of Chinese artists' terms, techniques, materials, etc. 

Perspective in early Cfdne&e paWilfrid H, Wells. E- Goldston, 1935. 
Analyses and theories of Oriental rules of perspective. 

COLOUll 

The following works present various systems of colour standarditation and 
nomenclature. Their numerical deagnations and terms for hues, shades, tones, 
etc., are used to a limited extent by wiiiers for accurate identifications of spedfic 
colours. 

Colour standards and colour nomenclature—Kohen Ridfiway. Washinaton 

1912. 

Atlas oftheMwisell colour system anda colour Tiotadon.Novf York, 1919. 

The Munsell book of colour—A. H. MunseE Baltimore, Munsell Colour Com¬ 
pany, 1929. 
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A dictionary ofcdour^K. J. MMrzajidM. R. Paul. McGraw-HUI PuUishing 
Co., Ltd., 1^30- 

Coto* WUhelm Orwald. Translated from the German by J. Scott 

Taylor. Vd. 1, Colow theory and colour standarditation-, Vol, 2, Colour meacure- 
menl$ and colour hannory. Winaor and Newton, 1935. 

The Osooald edour alfaim—Wiibelm Oswald. Wineor and Newton, 1955. 
Companion to the abore. 

The following bool» deal with sysicma of colour arrangement and control as 
applied to the arlin’j palette and picture: 

A stepdaddar to painting— Gordon. Faber & Faber Ltd., 8th edition, 1950. 
With 67 iUustiatioiii. 

The painter'’s pockeubook of methods and macartoZs—Hilwie Holer. Faber & 
Faber Ltd , 7th edition, 1950. Contwias a large amount of information in small 
bulk; a compeiative survey of all the mcwt practical methods and maieriali of 
painting. 

The practice of F. Schmid, Faber & Faber Ltd., 19+8. Traces the 

history of drawing and painting in some of the major Buropaan Schools &om a 
practical point of view, Deecribos the meet important ircadies on art and shows 
psletie awangemenu of famous painters. With many illustratiens from engravings 
>T>d paiwriw gt. 

The psinUf’s palette and how to master it —Bolton Brown. New York, Baker 
and Taylor, 1915. 

The painter's paUoe _Densxan Ron. Boston and New York, Houghton, 

Mifflin, 1919. 

Calour^TUrol: the Orgftnl»ticn end Control of the Ardrt'i Palette—Prank 
Morley Fletcher. Faber and Faber Ltd. ,1956. 

Suggestimsfbr the stutfy o/colcur^H. Barrort Carpenter, B. T. Batsford, 1925- 

A working ry«m of eoloun—Fndniek Leroy Sargent. New York, Henry 
Holt, 1927. 

Modem colour—C. Q. Cutler and S. G. Pepper. Cambridge, Harvard Uni* 
varsity Press, 1955. 

Colour harmony, its theory and practihe—Arthur B. Allen. ‘Warne and Co., 
Ltd., 1937. 


LlTTSIMNO 

The study of lettenog is of greatest concern to those engaged directly in the 
dedgning of books* posters, inscriptions, advertisements, etc. Prom the viewpomt 
of the general practice of art, the su^ect is of more occasional interest; in fact, the 
average artist who has not made a thorough study of the subject is quite often apt 
» have a very poor command of correct priadidet when occasion for the use of 
lettering arises. 

The study may be approached from two distinct viewpoints—from that of the 
stndent of paleography and from that of the craftsman with the aim of practical 
application. A knowle^ of the history and ori|^ of the various basic letter forms 
U, of course, a necessary adjunct to a complete uaining in lettering design, and 
some understsnding of it is necessary to avoid errors in construction; but the 
average designer of letters is more interested in the practical aspects of the subject. 
The following books are a few selecdons from a field in which a great number and 
variety of manuals are available: 
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A ‘®26. 

midena md «ra>m«n_Gr«U7 Hewitt. Seeky Service * Ce 
iwta. A& En^mb mani7a) of letteriAg. 

and mimiryuuig and iOtaring-^AwA Johnnon. 15lh edition, 
t^anan & Sena, Ltd., Id27. A eompleta manual of claadcaJ profe&nonal lettering 
mcladMajcmtecnmlinacription*. 

TV 4/bVAo^Pjederick W. Gottdy. New York, MitclieU Kennerlv l&aL 
lypognpbical alphabeu. ^ 

TV ^en;^ of Zeaeru^—Egon Web*. New York, Pencil Fomta Ptttt 1952. 
P ri nc i pally concerned with architectural inaaipti^. * 

A book ofieripts —Alf^Piuxbank. Penguin Booki, IM. 

Anatomy and Figuab Daawino 

Zi\wg artaton^: A Photographic Aclaa of Mutdee in Action and Surface 
Conioura^R. 0. Lockhart, M-D., Ch.M. Fkber & Faber Ltd., 2ad odltion 1950 
With 154ilIuatntioa9. 

Anatomical diograma for of art ao^enAr—Xamet M. Dunlop, with an 

mncducticn by John Qe l and, Bell k Sooa, Ltd. Employe a clear and practical 
method of inttructioo. ^ 

Conatrucdm anatomy—Gva^ B. Bridgman. John Lane, The Bcdley Hoad, 
1925. A popular book on anatomy as applied to aniitic figure drawing. The 
following three titles are by the aathw: 

Brtdgman'i Ufa dratidrg. \ 92S. 

Thaho^ofahindradhatAa. 1926. 

Htadt.fmiurta.faua. 1959. 

Figure drawvtg—'Fnnk Medworth. Faber & Faber Ltd., 3xd edition, 1948. 
Anatomy and physiology take up about a third of the book; the ran it given to 
methods in drawing. V7itb 101 pages of 255 drawings. 

TV kuman figure —John H. Vanderpoeh Batsford Ltd., 1956. Anatomy 
appbed to figure drawing. 

Human anatorr^ for art snAmft ^ Alfred FHpp and Ralph Thompson. 
Seeley Service ds (^., Ltd. A complete Enghab taxtb^ on anatomy and figure 
drtvring. 

Animal dramng-^Fnnk Medworth. Faber <k Faber Lid., 3rd edition, 1945, 
Contains a few hundred drawings of the many aspects of a^id bird forms 

with notes on '^pcal attitudes and their causes. 

TV Horae: ita action and anatorry bx an aniat Lowes D. Luaid. Fkber & 
rkber Ltd., 1955. Profusely iUnjoated mtfa diagrams, drawings, photographs and 
anatomical plates in ccdour. 

Animal paintingand anatamx^-^, Frank Caldereo. Seeley Service & Co., Ltd. 
1936. A complete and well*illuftnted£ag^iih wo^ 

Tbchntqub ov Paintino 

Modem aedl Ufepaintijiginaila R. O. Dunlop. Htman, Ss. (Reprint). 

TV art of landscape painting in water colovry oil and posttf—Lecmard 
Richmond. Pitman. A reprint, Febrvxary, 1949, with 39 full-page colour plates. 

TV technique of atiU Ufe paving in oS col/ntm Leonard Richmond and J. 
Littlejchns. Pitman. A reprint, 1949. Pitman reprints include; Borlase Smairt TV 
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techrdcfue of S6a3cape E. Borough Johiuon^ The techmque of flower 

painlit\^\ Adiiaa HIU, On the mastery of ivater colour pairoitig, azid On drawing 
and peinxing trees. 

Painting in BorUdSi NichoUs. Studio^ 1949,128. Sd. A xmw edition. 

Technique of the Great Painters—A. P. Laurie. Carroll & Nicholson, 1949, 

Making a loater-coloiir^^. P. Ennis. Studio, I94S, A reprint 

Painting from A to Z —J. Lawrence. Manchester, Sutherland Publishing Co., 
194B. 

Painter's Craf; an introduction to artists’ maOrta/—Ralph Mayer, Van 
Nostrand, 1948. 

Care of piesures^~(j. L. Stout. New York, Columbia Univenicy Pressj 
London, Oxford Univerrity Press, 1948. 

See also R. J. Gettens and G. L. Stout, Painting mawieds: a short cncydopaedin 
with an introdocoon by Edward W. Forbes. ChapmnTi & Hall. 1945. 

Pastel painting stepdiy-step—E. L. Sears. Watson-Guptill, 1947. 

Tempera painting~^. L. Sepeihy. Studio, 1947, 

Art and technique of oil pcinting-^'P.'Tvibot. Koutledge, 1948. 


Paint performance: its assessment by maker and user: papers pfesenied at a 
conference of the astociadon at jueM’^London, Oil aad Colour Chomisu’ 
Association. May, 1947. Cambridge, Hafdn, 194S. 

A student's guide m commercial d/t>^al Miisiogham. £\ber A Faber Ltd., 
IM. 

designing and painting scenery for the theatre —Harold Molvill. Art TVade 
Preei, 1948, Foreword by ^ Eennetb Barnes. 

Lookirtg at Michael Rotheostein. Routledge, 1947. A series of 

commentaries printed on pages facing 20 raproducUoni of contemportry English 
paintings. 

7^ Lascaux cave paiAtilngs—Fernand Windels. Fkber & Faber Ltd., 1949. 
With ISO moDoebrome illustrations in photogravure and $ pages in eolcur. A 
monumental book on the earliest European paintings and their technique. 

Puesian Icons —David Talbot Rice. Penguin Books, 1948. 

Greet poRssp'—Arthur Lane. Faber Monograph on Pottery and Porcelain. 
Faber and Faber Ltd., 1948. With 100 pages of illustrations, four in colour. Con* 
tidne the latest information about the technique of colour ia Greek vase peintlng, 

Elruscanvase painting-^. D. Beeiley. Oxford University Press, 1948. 

Secret Forrradas and techrdqs4es of Che mastersS, Maroger. Studio, 1948. An 
American Studio publication. 
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Ahw baUamtHf 153 
AhU* peciinatA, 155 
AhUtic»cid,15l,3l6 
Mmco], iSt 
Abrfth4m» H., 46S 

Ab«erb«Be 7 ot grousdi, 18: raaa. d06, 

Abiorpcion of liit, W-lOOj by colouied 
pigmtott, 101; by ^UMy 161.560 
Abiorption of moiftur*, 501-8. 

Abior^n of Ml by pi^ftoU, 11 5-16 

AcAcit 5«rGumAnMC 
Aeodomy blue, 39 
Acadomy botn, 211 
Acerotd«, 148 

Acetic 4dd, 297; %$ tgg preeervetive, 
169; petinlMbrante,^! 

Acetic ether. 5e9 

Acetone, 269-70; ei a htrdeaer, S5S; 
methyl, 269; in picture deeaini;, 167, 

Acetylene black, 59 

Add numbv, 512-15 
Add of lunr, 289 

Adde, 897 ff.; in etcbine, 357, 389; 

llthof repby, 385 
AcivHe redna, 158 

Adoidee ptcciwi ef colour mbdnf. 103 
Adherence of paiot cute. ]$. 156-9. 

155^ , , 

Adhcflvo function of oil, 106 
Adbeeieee, canne*henfinj[, 947-9; caa^ 
in, 279; oaeeia*Utex, reUrdnn 

3SCW1, 355, 55^7; aouxcee, 440; wax* 
redn, 357.5««alM Gloe, Pane 
Adaorpdon, 50^7; in Uthompby, 326 
Adulterante In verniabee, 156 
Aerial perapecdve, 566, colour effccta 
for. 93 

A^ed lime put^, 236 
A«T48a«. 

Air, conditionine, 935; poUctiOD, 259, 
250 

Air laltpetre, 889 
Air alakin« of lime, 236 
Alabejter, 405—4 
Albumen, 167,174,319-20 
Alcohol, 267—8; in cleaning picturce, 
345—6; hirtorical, 26; ae wettixi^ agent 
80-1; atrength of, 439 
AUurites, 112 
Alexandrian blue, 39 
AJisaxin, pi^menta, 39; rede, 39, 80, 81, 


92; effect of iron on, 81; permanence, 
81,95; violet, 84.niao Madder 
Alkali, 297; in aoap, 3^; in walla, 318 
Alkaline auherancea, 297^ 

Alkyd redni, 131-8 
Allen, Arthur B., 466 
A11%adnn, 496 n. 

Allinlnrcrwdu, 154 
ABoOniiy, 502 
Alloys, 4%)9.410 
Alnmd fum, 260 
Aloea, 14% 

Al^, 289; haniener for paper tiung, 

Alumina, 589 
Alumina hydrate, 40,125 
Aluminiutm compounda, 299; platei for 
Ktbography, 576; for enamelnrtg, 260; 
aa aupport for paiodngi, 512; maps, 
148 

Al uminium oxide, 269 
Aluminium atearau, in artUta' colours, 
121; aa fUtXiogamt, 155 
Aluma, aa baroeneie, 524; for paper 

AiB^rrfi45,149 
American vermilion, 40 
Ammonia, 589 

Ammonia water, 297; in eaaein, 275-4; 

forpadnes, 412; with wa^ 177 
Amisonium carboute, 177, 275, 274, 
276 

Ammonium caaeinate, 577 
Am monJ ore chloride. 299 
Amisoniurn hWmxide, 289 
Amy] aeeute, u69,275 
Amyl alcohol, 269 
Amy] ailkate. 555 

Anatomy acwi figure drawing, booka on, 

Anatomy of an oil painting, 551 
Anderson, WUIUzn, 465 
Andda.L. E..462 
Anbyoruua eJcohoJ, 267;4l(in], 290 
Ani^rdrooi solvents, in picture cleaning, 

AmHne colours, 40,69,90 
Animal oils, 115 
Aniinal products, 505 
AndmonycMourt, 40-1 
AntDxidants, 271,315 
Antwerp blue, 41; rod, 41 
Apothecaries' measure, 421; weight 
292,450 
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Apple wood, for sculpture* 412; for 
woodcuts, 595 
A^uafortii, 290 
Afua recU, 290 
Aquarelle, 214 
AqueiiAt, 591 

Aqueous bmders* IS, iSl 

Archaeology^ 24 

Area, measure of, 420 

ArmeoUn bole, 41 

Ajtus* Joha Taylor, 460 

Amtudon’t green, 41 

ArHceccato, 422 

Arsenical c^elc violet, 22 

Arsenic, disulphide, 59; trisulpbide, 

Arsenic yellows, 41 
An, influence in, 

Asheadjie, 41: in paint 245 
Asbestos, 41: lioerdijlS 7, iSS 
Ashley, Harman, on chomical eolcula* 
tioni, 426n 
li^us, 249 

AsphsTte, 151,227-$ 

A^baltvm, 41 
j4uragaiitt, 231 

Atmosphere, p^lution, 229, KO 

AtCffM, 296 

Aureelin,41,75,81 

Aurlpignmtuxn, 41 

Aurora yellow, 41 

Anrum mussiTum, 41 

Austrian larch, 152 

Avlfnon berrfai, 43 

A»cSire.415 

Ayous, 4l5 

Aaote, 290 

Axure, 41 

Atutite, 42 

j^tturo dtiLi mogno, 42 
Atturc oUrmanno, 42 

Daily, Kenneth C., 454 
Baker, FA., 460 
Baking soda, 290,293 
Balance of solubility, 20; In glaze med* 
iums, 169-60; water colour, 219; 
water4n-oil emulsiooi, 179 
Belancee, wdghinjr, 419 
Ball mill, 128,254^ 

Balsam flr, 15S 
Dalsaois, 151^ 

Dalti wood, 414,415 
Banana oil, 290 
Baiite, 290 
Barium, 295 
Barium sulphate, 293 
Banum yellow, 42 
Baines, §ir K., 468 

Barry, T. H^ey. on damar, 142; on 
oleore^Ds, 165; hooks, 462 


Baryta colours, 42, 290 
Baryta water, 245,290 
barytes, 42,290 

Bose, 4^2; for lakes, 57; alkali, 297 

Basswood, 415 

Batavia domai, 141 

Baumd scale, 426 

Baxter, John D.,459 

Bearn, J. Gauld, 461 

Beaufort, T. K., on cleaning pastels, 
564;book, 462 
Beaver Board, 195 
B«dey, J. 468 
Beech wood, 595 
Beedham, B. Joho, 460 
Beeswax, 235. $e« also Wax 
Dell’s ms^lum, 162 
Bengal sajtpe^, 290 
Benj amin, ^0 
Bennett, H., 465 
Benoene, 266,304 
Benrioei 266 
Bensoin. 147 
Beniol,k6,272 
Denroi black, 42 

Berger, Ernst, on encaustic, 237; on 

S Ib of fresco, 252; on Punic wax, 
[book, 457 
Berlin blue, 42 
Bernice, 149 
Beta naphthol, 222,234 
Bincca, ^2 

Diaoco sanglovannl, 66,226 
Dice, blue, 42; green, 50 
Bichromates, AS glue hardeners, 225 
Biegaloison, J. S., 460 
Binary compounds, 300 
Binders in cooclnffi, 19-20, 106, 114, 
129-SC 

Binet(vlridien), 66 

Birch, plywood panela, 192; for sculp¬ 
ture, 4l4 

Bismu^, white, 42 
Bistre, 42,33-4 
Bitumen, 42,64 
Black'boy gum, 148 
Black effects from mixtuiei, 85 
Black lead, 42 
Black limaitonai, 405 
Black oxide, of cobalt, 42; of iron, 42, 
8 5; of manganese, 42 
Black pigments In common use, 64, 85; 

character imparted to pictures, 92^ 
Bladder green, 45 
Bladders, 126 
Blanc flxe, 43,245 

Bleaching agents, 305; use on prints, 
360>^; powder, 290 
Bleeding of colours, 91 
Blending of glazes, 160,161 
Bleu celeste, 42 
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Blisten u punt, catues, 156; ia nnral 
cuiTftses, 248-^; remoT«] of, 3^ 

Block prmti, 575 

Bloom, +52; on picture Tarnish, 159, 
1 +5-5; rexnoral of, 357-8 
Blown oil, 109 
Blue ashes, +5 
Blue black, +5 
Blue cof^w, 290 
Blue malachite. +5 
Bluepaiiae on itronae, +11-13 
Blue pigments ia common use, 75-6 
Blue stone, 290 
Blue verditcr, 45 

Blue ritrtol, 290 
BIuih.+32 
Bodied oU, 109 

Body colour, S5; refleetioa from, lOS 
Boehm, B. M., on Masoniteprocees, 194b 
Dohemisa earth, +5, 90 
BoUed oil, 109 

BolUng peLnta of solTenti, 272 
Bold, iradM of resins, 1 +&-1 
Dole, 43 

Belova chalk, 43; stone, 43 
Bone black, 64,65; ai^ colour, 70 
Bone brown, +5 

Bene glue, 199; compoeitien, 522; test 
for, 524 

Bookbinder*! parte, 262 
Dondc add. 3Xf 
Boric add. 290,296 


Botany Day gum, 146 
Bouglral while, 45 


Borne, Henry P., 465 
Ooxwt^, for sculpture, 415; for wood 
engraving, 595 
B.P. explained, 452 
BratU wood, 4$, 60,60 
Break of llnseej dl, 

Bremen blue, 44; green, 44 
Bridge, for dnwtag, 580 
Brevets d’lAvartSto/i, Dttcription des, 
157 n. 

Bridgman, George B«, 467 
Brilliant yellow, 44; scarlet, 44 
Brimstone, 290 
Bricbh gum, 290 

British Standards lostitutibii, 509 d. 

Britton, R. P. L., 462 

Broken colours, 102 

Oronxe blue, 44 

Bronte disease, 411 

Bronze powders, 441 

Bronze sculpture, 409 

Bronzy pigments, 44,57—6,76 

Brown, &>lton. on Uthom^y, 377; 

on c^our, 465; books, 4w, m 
Brown lampblack, 44 
Brown madder, 44 
Brown ochre, 44 


Brown pigments m comoioa use, 85 
Brown pi^ 44 
Bmwjvtone, 403 
BnuswidUue, 44; green, 44 
Brashes, 427-9; cleaning of, 206; for 
gceso, 429; fdrglazang, 161; eamlsh. 
555-6,429 

Brash marks, in Ttraisb, 289; lerellinf 
of, 271 

Buchner funnel, 97 
Bu^thom berries, 60 
Bunghole boiled oil, 109-10 
Burean of Standards, medications for 
artiM'^^^^iols, 444-55; plastic mag- 

Bi^undl^ turpentiee, 155; pitch, 155 

Burmese lacquer, 1$7 

Burnt alum, 290 
Bunt carmine, 44 
Burnt green earth, 66 
Burnt gypeum, 325 
Bunt June, 290 
Burnt ecbre, 44 
Burnt deaae, 22,44,63 
Burnt umber, 44,65 
Buseobsirt, B. S., 4^ 

Butaod, 269,272 

Butter fat In milk, 154,166; In curd, 274 

ButeenniDc. 154 

Butter of290 

Buttery cdl colours, 130 

Buu*^,246 

Butioo lac, 146 

Butyl eceute, 369,272 

BueyUknhd. 269,272 

Butyl ]aeute,270,272 

Bu^en'^guides, for induttrUl materials, 

Dyxantlne art, 26; mosaics, 232 
Byiantittra purple, 44 

Cadmium, 44,295 

OmAnKhtns c^ouTZ, 44-5; u fresco pig* 
meats, 75; litb^oe, 45,81; mixture 
witJk lead in oU, 69; permanence, 61; 
reds, 45.60,92; yellows, 44-6, 61,93 
Caki»ed magnesite, 407 
Caldce,290 

Cmiaurr, earbozMte, 46; in Inert pig¬ 
ments, 90; limestone, 255; plaster 
wani,&6 

fUlfinm fluoride, 291 
nitmte, 269 

Caldum sulphate, 51,524-5 
(n Venetian red, 65 
Calderon, W. Fnnk, 467 
Caledonian brown, 45; white, 45 
Calf skin gloe, 199,522,440 
Camaieu, 452 

Camphor, as plaitidaer, 145; wood, 415 
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C«Bad4 balaami 155 
Cuuirvwood, 415 
Cand^illt wax, 285 
Cand]«nut oil, Il2 

Can?M, l84-^i boards, 211^ commar* 
cUJ, 165-6; cotton, 184-5; ^lau, 213; 
ban^g mural, 247-9; Ilnan for, 184; 
inspection and terUrif, 191; oU 
grounds on, 165-95; patting, 540-1; 
permanence, 187; primme, 185-7; 

K .action of rear, 19(^1; rcJKng, 187, 
; lirinf. 165-7; utiJizms old, 
152-5 

Caoutchouc, 290 
Capadty meuuref, 42l 
Cappagh brown, 4^ 

Caput moTtuum, 45 

Carbolic acid, farpbanol 
Carbon, 84; compounds of, 505—4 
Carbon birdphloe, 555 
Carbonblack,22,45,84 
Carbonataa, 299 

Carbon tetraeblerida, 268, 272; wax 
Mlrent, S64,561; Tormiride, 555 
Carbortuadum, 290; aa glass abrailTe, 
125 

Cannina, 45,80 
Camauba wax, 285 
Carpantar, H, ^arntt, 466 
Carran marbla, 401 
Gaitbama, 45 
CarfAsmia e^awAa, 115 
CarOicmut tinMriut, 115 
Cartoons, 241 
Caiali's p^n, 45 
Caaec ftexlbla etmant, 249 
Ciaaln, 275 If.; adhMlvaa, 249-50, 279, 
440; crude, ttt curd: emuliloni, 177- 
9, 276, 520; nm, 205, 275-7; as 
protein, 522^; In plaster, 250: as 
paint binder, 19, 27f; in seoco, 245; 
ilw for canvas, 186; soluble, 276; 
aolutioni, 274-6; supplies of, 440; 
wall paints, 209,445 
Casein paints, permanence of, 276 
Cashewlalce, 45 
Caiinpheed gaj, 266 
Cassercolouri, 45-6 
Casaen, Stanley, 465 

Castor oil, 26^; as plastidaer, 115, 157; 

use with solvents, 545-6 
Cast stone, 405 
Catalysis, 501,515 
CauseuR), 29CI 
Caustic pMtjh, 290 
Caustlcsoda, 290,297.298 
Cedar oil, 286 
Celadon green, 46 
CelestlaJUue, 46 
Cellon.lSr 

Cellular wallboards, 194 


Cellulocic eoatings, 157; as size for 
linen, 166-7. See lUio Lacoueri 
Celotex, 194 

Cements, for casting or moulding, 405— 
8; colouring of, 406. See aleo Portland 
cement. 

Cenninl, Cennino, on bianco sang:o> 
vanni, 1^6; eg«, 170; fiff.trea sap, 
170: gesao, l5&, 204; Jue, 282; 
Naples yellow, 56; slaked plaster of 
Paris, 202,324; treatise, 26 ;^»ook, 456 
Ceramic colours, 75, 257-8; mediums 
for, 25 8; sources, 445 
Ceresin, 286 
Cerulean blue, 46,78 
Ceruse, 46 
Ceylon lacquer, 137 

Chalk (predpltattd), 46, 89; in gesso, 
202,207,275 -7,524; In pastel, 7^ 
Chalk, French, 49,72,202 
Cbamou (pigment), 46 
Charcoal, drawing, 17; pigment, 46 
Chemic, ^90 

Chemical CalcuUliane (K. Harman Ash* 
ley), 426 n. 

ChemktJ reicUonj, drying of oil, 295; 
in various subitencei, j^5-6; etching 
of copper, 502; hardening of mortar, 
258; making of lime, 235; slaking of 
lime, 235 

Gierry gum, 28(^1; in tempera emul- 
alon4,l76 

Cherry wood, for sculpture, 413; for 
woodcuts. 395 
CheaiylUe, 46 
Chestnut Brown, 46 
Chlirescuro, 4S2 
Chili, nitre, 290; saltpetre, 290 
China clay, 46,291 
China wood olf, 112 

Chinese and Japanese artists’ meteriaU, 
29, 65, 65, 112-$; brushes, 428; Ink, 
430, 431; paper and prints, 215, 216, 
560,363 

‘Chinese’ blue, 46,77j red, 46, vermilion, 
46,65; white, 46, ^8; yellow, 46 
Chinese ink, 46,456-1 
Chinese inseokwai^ 265 
Chinese lacquer, 1$7 
Chinese ^ing dl, 112 
ChJorinatedfehloride of) lime, 290 
Chlorinated soda, 290 
Chloroform, 269 
Chlorophylf, 3l0 
Gholester^ in egg, 319 
Chrome alum, iSSO 

Chrome colours, green, 46, 76; orange. 

47, 61; red, 47; yellows, 47,81 
Chromium compounds, 299 
Chromium oxide green, 47,79,116 
Chrysocolla, 47 
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CliuTch, Sir Arthur H., oa 

me<iium«, 163; on p«leetc» of bouS 
p«int«rt, 9$; book, 458 
CinnAbar, 47,65 
Cxtionella, 288 
Qtron yellow, 47 

Gamps forpreMiof picture*, 334-5 
Garke, W. J., on nnylMOn, 152a. 

Gay, pigment me, ^7, 46, 52, 89-90; 

pipe, 291 ; uulpton*. 400-1 
Cooked oii and resin Tarnishes, 137,149 
Qeaninc, oil pamting^ 343-9; 

565-4; print*, 560^; tempera, 167; 
water colours, 564. Sm also Gotuerra* 
don ofplctares 
Geland, ^ohn, 467 

GimaU, effect on easel paindoes, SlO; 
on fresc^ 298, ^0; oo gesso, 198; on 
prints, 363; on sculpture, 229-30. 
401-2 

Goi*onn4,260 
Gore oil, 289 
Coach Tarnish, 137 

Coal tar, pigments, 90, 91; naphtha, 

Coated paper, 17,60 

Cobalt, driers, 157, 158-9; ores, 61; 

salts, 299; soaps, 148 
Cobslc colours, black, 42,47-8; bluOi 47, 
76; green, 47; ultracnarise, 47;7«low 
47. 5se aise Cobalt ri^et 
Cobalt, Unolaata, 157,159 
Cobalt itannate, 46 

Cobalt violet, 47, 84; in fresco, 74; 

pistol, 72; watercolour, 71 
Cochineal, 45,80 
CocoboU, 415 
Coelin, 48 
Coemlium, 48 
Coffee woM, 415 
G9ke black, 48 
C^lcothar, 48,290 
'Cold<ut' varnish, 139 
Cold.pressedoil, 106,107.112,115 
Cole, ^ea V,, 465 
Colloids, 305-6; mtexas, 305 
Cologne earth, 48 
Cologne spirit, 268 
ColemaJ spirit, 268 
Colophony, 151,290 
Colour an^ colours, additive, t Oi ; broken, 
76; conmHsons, 9^-6; changes oo 
djMne, 102; diSractiaii distemper, 
i 6/, ^2; Japan, 434: j uxtaposstton of, 
104; and light, 98-ld4; local, 92,434; 
matching, 75; mixed, 75; opaque and 
traosparent, 91-2; in picture^ 92-^; 
poster, 182; primary, lOl, 102; aec- 
ondary, 101^; show card, 182; sub- 
traedve, 101; tertiary, 101. also 
Pigments 


Colombian spirit, 268 
Coludl,29u 
Compo-board, 194 
Conoate, ost, 405-6 
Gonservaiioix of ;^cturef, 328, 364; 
cleaning oil painlings, 34^9; clean- 
ijtf tempera, 167; cradling panels, 
354-5; filling in lacunae. 
framing, 358-9; general rules, 326*9; 
patebing holes and tears, 340-1; prO' 
pHecary mediums for, 329; prmts, 
pastel, watett^ours, etc., 359-64; 
reliaing, 329-36; repainting, 550, 
551-2; transferring, 338-40; var- 
nithing, 53S~8 

OKiri ften cy , of cal colours, 114-50, 
120-6; of oils and vtndsheSi 156 
Constant whlU, 48 

Coavercum cables, equivalents of frac¬ 
tions and dedsnaJi, 422-^; hydro¬ 
meter scales, 425-^; thermometer 
seates, 293; seeigbtt and measures, 
422-6. Ses also Tables 
Copaiba baUen, 133-4 
Cifei, l^Manila, 147; uncooked, 173 
C^per, 296; enamel on, 259; for en- 
gmviog, 393; for atchiog, 585-^; 
places, 444; supports for painting, 
211-12; tacks, ^ 

Copper acetate, oS 
Copper aceto-araeoite, 49 
arsenate, 55 
Copperas, 290 
Copper cerboaaie, 48,66 
enloursi 44.4e 
C^iper ferroeyaniaB, 65 
Copper hvdrued acetate, 63 
Cop^ pothaloeyanine, 57 
C^l^r resinete, 146 
G^ieraalu. 299 
Copper Sttlpoatei 290 
CoraU, 413 
Cert bla^ 48 
ComoU, 113 
Comnandel, 415 
Corrosive sublimate, 290 
Corundum, 290 

Cotton, aheorbent, 344; canvas, 184 
CoOttueedol, 113,292 
Coupling agents, 264 
Covering power of paint, 432 
C. P. chemicals, 432 

Gacking, causes in oil paint, 134-3; in 
gem, 198-9 

Gadhng of dd panels, 354-5 
wallboard pands, 195 
GawUng of paint, 154 
Crayons, drawing, 17; lithographic 
3^1-2; pastel, ^2-4 
Geam of tartar, 290 
Creeping of paint, 134 
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CremniU white, 86; ai oil, 25, 48; 
colour, 68 

Crete, frescoes, 46 

Crimson l«ke, 46 
Crocus jaritu, 60 
Cminhhnfof psint, 155 
Cryolite, ^0; ia enamel, 257 
CryiullLxation, 501 
Cuoan pine, 152 
Curcuine, 62,146 
Curd, 21,27,273,200 

'Curtains' in peine or Ternub, 1S6 
Curwen, Harold, 461 
Cyanine blue, 46 
Cutler, C. G.,466 
Cuttle&h ink, 60 
CyUaden, graduated, 419^0 
C^riaa green earth, 50 
Cyprus umber, 46,59 

Damar resin, 141-5; hirtory, 143-4; 
aoluooBS, 142; in wax adhesive, 557; 
Damir varnish, 141*^; blooming, 

145-4; clarified, 142; compared wlm 
maitiCi 144-5; eoncenrrationi, 142; 
emulfloni, 172-5,175,176,177,178, 
179, 276; In glase mediums, 162-^; 
home'tnade, 138; impurities in, 14S; 
InduicrUl quality, 143; as picture var« 
Qlah. 140, i57; redpes, 142,145, 557; 
in white lead adhesive, 247^ 
Darkening of oil paint, ISG 
Dauberi, for glate appliation, 161; var* 
aishing vortical pictures, 557 
Davy 's gray, 46 

DeeimaT ^uivalents of fractions, ^rs 
Oonvertion Table# 

Defects in oU paintings, 154-6 
Degame, 415 
D« Haen, 45 
Daliqueicenee, 502 
Da May erne M3., 149 
Denatured alcohol (methylated spirit), 
291,439;mdeioh266,459 
Density, 42^6; of p^ments, 5tS-14;cf 
various materials, 404; of woode, 416- 

Derby red, 48 
Devonshire day, 46 
De Wild, Martin A., on old techniques, 
34; on dates of pigments, 56; wk, 
465 

Dextrin, 285.290 
Dextrose, 520 
Diacetone, 270,272 
Diamond b) ack, 46 
Diatomiceous earth, 4$ 

Diesbach (Prusslaa Uue), 56 
Oifiraction colours, 104 
Diluents, 252,271 
Difigler’s green, 46 


Dioscorides, on ancient materials, 24; 
cherry gum, 281; driers, 158; Punic 
wax, ^66; bmk, 455 
Dipentene, 270,316 

Diversion of particles, 505-6; of pie* 
meat in oil, f08,110,114-15,126-7^ 
Distemper, 432; colours, 201 

Distillation, 26,262 
Doctor, 452 

Doemer, Max, on techniques of early 
painters, 29, 34; fine finding, 126; 
Ihiissian blue, 77; egg/oil emuIsioR, 
171; picture putty, 551; hook, 456 
Dolomite, 402 
Doujt, L.A,,459,465 
Dragon's blood, 4o, 148 
Drawing, 17-16; bridge, 560; charcoal, 
17; enlargement, ^3; figure, 466; 
fixatives, 19,225-7; isometric, 53$-7; 

E iendl, 3; perspective, 355-7; prO' 
Imina^, for easel paintiiv, 153, l80; 

preliminary, for murals, ^0-1; icalei 
^r^ction of, 571-3; tracing on wall 

Draw'outs, 94 

Driers, 156-9, 515-16| composition of 
commercial, 159; concaatratlon, 159; 
correct amounts, 136; excessive use, 
133, 157*8; liquid, 109, 135, 157-8; 
in oil c^oun, 119-21,156 
Drop bla^, 84,65 
Dry colour*. Sti Pigments 
Drying, colour changes upon, 96-9, 
102; curve charts, 556; rates of pig¬ 
ments in oil, 118-2^ 138; of pig¬ 
ments, 97-6; of walls, ot6 
Drying tils, 10^14; behaviour of, 106; 
^emtcal aspect#, 309; historical, 27, 
28,29 ff.j yellowing of, 509 
Dryness, of pigment#, 98, 122; of walls, 
i28,244,24%, 517; teiringfor, 518 
Dry point, 390-1 
Dry rot, £84,533 
Dunlop,* lameiM., 467 
Dunlop, R- Ov 467 
Dunster, G. W.,462 
Durrans, T. H., 462 
Dutch mordant, 589 
Dutch painting, 29 
Dutch pink, 4$ 

Dutch process white lead, 48,49,86 
Dutch white, 48 

Dyes, 35, 57; basic, 91: detection in 
meats, 96; oil-soluble, 148, 387, 
sources, 442 


East India damar, 141 
Eastlake, Six Charles Lock, on eaiiy 
meth^s, 26; early paiDters’ te^- 
niques, 29; old English records, 28; 
protection ^ cunvases, 190; book, 457 
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£6udcjAreUe,290 

Sam de Labarrsqae^ 2M 
EiMJny, African, 414; brown, 415; Ma¬ 
cassar, 415 

Effloraseance, 501; of pigments. 55. $4: 

of waJle, 255, ^4, ^8^ 

Egfi, albumeo, 156, 174, 520; oil, 166; 
o20; proteins, 5S0, 522; white, 174, 
320; analysis and composuion, 155, 
519-20, choice of, 170; as glaze med¬ 
ium, 163-4; as sizing, 231; tempera, 
166—74 

Egg-beater, 175,321,438 
Egg rationing, 182 n. 

Eggshell fini^. 5seSemi-TTiat 
Egg-yolk, chemistry, 518-20; prepara¬ 
tion of, 15^9; preserratires in, 169; 
in secco painting, 168-9; io tempera 
punting, 155-70; on plaster v,^Ie, 
^1. See aiso Emulsiona, Tempera 

Egypt, 24-5 

E^tian blue, 48, 50, 73; brown, 48; 
ceen, 48, 75 

Eibner, Alexander, on chemistry of dry¬ 
ing oils, 310, 5II, 312; dates of pig¬ 
ments, 58; early painters’ techniques, 
34; Minoac frescoes, 231; books, 458, 
462 

Eldridge, C. H., on treatment of brooxes, 
411;book, 455 

Electric light, influence cn paiotiog, 31 
Electric imxer, 175, 321,438 
Elements, chenucaT, 295^ 

Elami resin, 147 
Embn, 433 
Bmbnya. See Imbuya 
Emerald chrczrium oxide, 49 
Emerald green, 49, 78-9; as oil colour, 
70; pastel, 72 
Emeraude green, 49 
Emery, 290 
Emul&iRer, 166,307-8 
Emulsioni, 307, Sl^^l; grounds, 184, 
208, 210, 453; casein, 177, 179, 278, 
350; ege and oU, 17CM-; glue, 332; 

f um, r74—6; freeang, 16?; mixing, 
71, 172-5, 175, 321, 458; ‘oily 
ingredient*, 157; tempera, 165-70, 
3lo-2l; tj^es and reeersu, 178-9, 
307-8; water»in*oil, 307, 321; wax, 
176-7 

Enamel, 432. See oUq Porcelain 
Enameliiiv, on metal, 256-60 
Enamel white, 47 
Enmustic, 25,286 

‘Eogliih’ colours, red (oxide), 59, 70, 
74,80 

English walnut, 111 

EngruTing, metal, 375—5, 593; wood, 
575-5,593; suppUes, 444 
Enlarging drawings, 241 


Ennis, G, P,,45S 
Ecuadoos, chemical, 302 
Es<^d, 49 

Essential ^Is, 288; in ramisbes, 271 
Ester gum, 151 
Esters, 504 

Etching, notes on materiab and process, 
373, 385-92; action of adds in, 302, 
527, 588—90; dry point, 390; grounds, 
385—9; ink, 3^2; plates, 3o5; soft 

f round, 390; supplies, 444 
sr, 259,272; in etdaing grounds, 588 
Ethereal hydrogen peroxi&, 362 
Ethyl acetate, 259, 272, 289; in picture 
cTeaning, 345; rinsing brushes, 429 
Ethyl silicate, 252-6, 439; supplies of, 

Euchiome, 49 

Evaporation rater of solvents, 272 
‘Extra gildors’ ’ wbiting, 67 

Fadeomcter, 90,91 
Faience, 48,49 
Fairbank, A., 467 
Fats, 509 

Fat^ adds, 309; in lithography, 148, 
S26; in soaps, 325 
Fawn browm, 4§ 

Feldspar, 291; in ceramics, 25 7 
Ferrite, 49 
Perro-forric oxide, 42 
Ferrous sulphate, 290 
Ferrox,49 
Fesquet, A- A-, 461 
Fig-tree sap (fig milk), 170 
FlTlere, 453; in pigments, 57, 89-90 
Hlling in holes and lacunae in pictures, 
34^0 

Films, paint, 19-20, 128-52; eSect of 
pigments On, 119 
Filtering, 97 

Fink, C^n G., on treatment of bronzes, 
411;book, 463 

Fire precautions, 418-19; for various 
materials, 139,149,253,388 
Fire red, 49 

Fischer, Martin J., on palettes of noted 
palntere, 93; on theory of tinting 
colours, 102; book, 458 
Fischer, N. W., on anreolin, 41 
Fish glue, 282,342,440 
Fish oil, 113 

Fixatives, 19, 433; for pastel, 225-7; 

resins in, 145,147 
Fixed dls, 152 
Flake gum, 281 

Flake white, 86; as oil colour, 68; Id 
tempera, 71. See also White lead 
Flaking of paint, 13 5 
Flamebla^, 49 
Flash'point, 265 
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Flatfiniib. Mat 
Flatting awu, 154-j.S47 
Flax«^,i07 

FlemitX painting, 2S, 28, 174,178 
FlemiihwhlW, 49 
Fletcher, F.M., 466 

Flexibility in technii^M, 106; requlte- 
menu, 90 

FloaCiDgilghatunt, S6$ 

Floor Tami&h, 246 

FUA'eneeunc oxide, 87 

Florentine brown, 49 

Florentine lake, 49 

Flour paite, 282: emulsion, 27 

PIoweriof-^29l 

Fluid measures, 425-4 

Fluorspar, 291; in coramies, 257 

Folium, 49 

Foots, 108 

Forbas. t, 468 

Formaldebyda, as hardener, 325; in 
casein paint, 277; on gesso, 169. 207; 
CD sitlne, Idl; ai fungicide an^ prO' 
leTTatiTe, 284 

Formalin, 523; dilution of, 426-7 
Fwm^ai^ 302, 304; obsolete, 27; use of, 

Formulation, 417^; of glaze mediums, 
151; of paints, 

FosiU resins, 14g 

Pnctional squiralents of decimals. Su 
Conreriion tables 

Framing, canvases, 358-9; panels, 196 
FranHert black, 49,63 
French blue. 49 

Fre^h chalti, 49; in paitei, 72; in gesso, 

French Proceii zinc, 87 
French turpentine, 150 
French ultramarine, 49; Veronese green, 
49; white, 49 
French vernish, 146 

Fraeo, 226; colour effecu, 241; com¬ 
pared with other methods, 260; 
grinding colours, 125, 241; historical, 
95, 231; lime, 255-9; lime-water in, 
222, 242; mc^m atmospheric con- 
dJticns, 299-50; mortar, 287—9; origin 
of, 2Zi-, pigments for, 73-5; plaster¬ 
ing, 356, 235-41; portable, 2 ^; pro¬ 
cedures, 240-2; spirit, 243 
Fried! aender, murex purple, 65 
Priadlein, Ernst, on egg*yoJkfoll emul¬ 
sion, 175; gum emi^ioss, 176; tern- 
pere on plaster, 250; wax preparation 
for emulsions, l77;hoob, 459 
Frilling of paint or ramiih, 136 
Fripp,^fred, 467 

^ptian, 50; porcelain enam- 

Frot5^453 


Fruit woods, panels, 359; for sculpture, 
413-4 

Fuchs, J. N. von, on water glass, 251 

Fuller’s earth, 50 

Fun^ddes, 283-4,3+9 

Fungiu, 549 

Furring, 954 

PuseloU, 291 

Gahn, J. G., 50 
Gahn*s blue, 50,76 
Galen, 26 
Galllolino, 50 
Gallstone, 50 

Gambier-Parry, spirit ^sco, 243 
Gamboge, 50, 79; suhsritutes for, 61; 

as a resin, 147-6 
GanoaU, 433 
Garance, 50 

Gardner, Henry A., on ball mill, 290, 
450n, 451n, ^52; viecority testa, 156; 
book,463 
Garnet lac, 146 
Gas blad,50 
Gel, colloidal, 306 

Gelatlo, 32^; compared with glue, 
322; in tseso, 199; s'heet, for moisture 
test, 318; for siring, 1^9, 208, 210, 
364; supplier 440 
Gellert green, 50 
Geranium red, 79 
German black, 50 

Geseo, 197 1?., 455; application, 203^; 
cn canres, 197; casein, 202-3; con¬ 
sistency of, 201-2; defects, 196-9; 
finlshby^ 206-7; gresso, 205; harden¬ 
ing, 206; Ingr^entJ, 199, 202-3; 


S botopephy, 207; pr»aiation of, 
99-^3; ready-made, ^7; remarks 
OQ recipes, 197; isndpaperiDg, 206; 
firing for, 169, 209. 21 Oj KliUt, 205; 
spray application, 205, 206; lubscituta 
for, 209: on walls, 250 
GeUens, Autherfc^ J,, on picture 
▼amish, 139n; paint standard, 445: 
book,468 
GisJlolizu, 50 
Gilder's whiting, 67 
Glass, as a ground. 18,215 
Glauber’s salt, 291 

Glazes and glaring, 159 ff,, ownposition 
of, 161-2; with egg, 164; manipula¬ 
tions, 160 - 1 ; in mural painting, 260; 
removal and alteration, 164; require¬ 
ments of mediumi, 161 - 2 ; on tem¬ 
pera, 159-64. See also Tempers 
Glossy surfaces, 19,129,140 
Glue, 199, 281*2, 322-^; bone, 199, 
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281-2, 322, 326; ^ odldd, 30$-6; 
colours, 182,24>3,261; oornpved with 
gelatin, S 22 ; dls^vizig anc meltinjE 
200-1; fi»h, 282, 342, 440; for g2, 
199; orerheating, 200, 371; pui2i> 
zneDt, 282; *s protem, 32^^; raUiCt- 
sUn, 200, 322, SS2, 440; sheet 440; 
niA for cauras, 285, 166 ; suppUe*. 
^9-^1 ’tanning' ot, 207, 3S; test 
for bi£e or bone, 324; vijcocity ax^ 

ftrength tesu, 201 - 2 ; whiu. 281 
Glycariaas. S09 

Glycerin ^glycerol), 283; in tempera, 
175-6; in water colour, 217^ 

Gmelin, Christian G., ultramarine, 64 
Gmelin’s blue, 50 
Goia, 18 

Golden ochre, 50,82 
Odd leaf, 441 
Goodyear, John, 455 
Cordon,Jan,466 

Gouache, 214, 215; coloured cTounds, 
209; grinding couure, 125, 218-9; 
permanent palette, 71 
Coudy,P. W.,467 
Goucte, 39$ 

Goimsat, J. O., on bleaching prints, 56 
Cradatlcn of layer*, in So paintug, 
128-9; plaster, 238; tempera, 7t^ 
167 

Gradee of, alcohol, 267-8, 439; artiets* 
materials, 21^; casein, 440; castor 
oil, 267^; chemicals and raw mater* 
iali, 437, H4 else C.P., Tecbni^; 
glvMrin, 283; glee, 440; gum erabic, 
9o0; induftrltT eeleur* in oil, 443; 
industrial painu, 443; oils, 113-4, 
441; pigments, ^3; redni. 141^1; 
solvents, 439; turpeotine, 264, ^8-9 
Graduated measures, 419-20; bottles, 
321 

Graffito. 244 
Grain, oO 
Grain alcohol, 267 

Graining lithograph plate* and stooes, 

Granger, Prank, 455 
Granite, 404 
Grape black, 50 
Graphite, 17,50,292 
Gravers, 39$ 

Grecian purple, 50 
Greek paino^r, 23,24,25,286-7 
Greek pitch, 29l 
Green Irice, 50 

Green earth, 46, 50; burnt, 66; as oil 
colour, 69; as water cdour, 71 
Green patines on brome, 411—12 
Green pigments in common use, 76^ 
Green ultramaiiae, 50 
Green verditer, 50 


Green vitriol, 291 
GrenadiUa, 415 
Oriffits, Thomas £., 460 
Greje, ftnm black and white, 85, 89 
Grinding pjginents in oU, 114-15; by 
band, 123^; advantages asd faults 
of hand grindiag, 20, 21, 115; fine 
grinding, 126-7; for grounds, 127, 
185; in vdatUe mediums, 137, 255. 
$€t Also PreparatiOB of cdours 
Grisaille, 50,435 
Ground plan. S** Perspective 
Grounds for oil asid tempera, 184 ff,; 
canvas, 1 8^7; coloured, 208^: emul- 
doa, 184, 207-6; etching, 386-9; 
Ilexihiliw of, 207; function of, 186; 
gesso, 197-208; hiAorial, 27-9, 207, 
Sl3;oo metal, 212; multiple pumsa, 
2tt; oil on eaavaa, 164-91; oC on 
panels, 21(^11; panels, l92-o; oil on 
plaster, 244-7; supports, 207; tex¬ 
tures, 18,106-7,210; yellowing, 212 
Guign^ Breast, viridii^ 66 
GuloMt, ]. B., ultramarine, 64 
Gulf red, 50 

Gum arable, 279*^; emulsions la tern- 

K , 167,174-6; in lithography t326, 
4; in water colour, 214,217-8 
Gum lUraya, 281 
Gum Kordefan, 280 

Guns. 279-81; as binders, 19; term 
appUed to resins, 1 40 
Gum Senegal, 280; ia tempera emul¬ 
sions, 175; In water colour, 218 
Gum spirits of turpentine, 265,438 
Gum tempera. 174-6 
Gum Thus, 152.153 
Cum Trancanth, 281; in pastels, 22S 
GuAtber,l\obert T., 455 
Oypeum, 324, 432j paint pigment, 5l. 

oseeise Plaster of Paris 
Gypsum board, 240 

Haarlem blue, 51 
Half-chalk grounds, 433 
Hanging mural canvases, 247—9 
Hansa yellow, 51,81,91; in fresco, 75 
Uardenijig of ou cedour in tubs, 117, 
122 ^ 

Harewood, 415 

HarrisoD, A. W. C., 461 

Harrisoa red, 51,90 

Hart, P. Tudor, esg emulsion, 172-3 

Hartrvk, A. S., 

Haitshora, 291 
Hasting’s naphtha, 291 
Hatchett’s brown, 51,65 
Heating apparatus for walls, 245,287 
Heaton, N^, on Mmoan fre sc oes, 231; 
on wax coating, 287; books, 457, 461, 
462 
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Heavy ipar, 51,291 
Hempsa?^ dl, hiatoriMJ, 27,112 

Henorie, Robert, *56 
Herringkam. ChiistlanaT., 456 
HewiR, Grtiiy, 467 



iproTued materia)», 
21 ; on palettei of noted painters, 93; 
b^k(, 458,466 
Hill, Adnan, 468 
Hill, Sir John, 455 
HiMOx, Gardner D., 465 

Hodgwan, C. D., 463 
Holly green, 51 

Hotiie*made materials, 20-1; gouacbe, 
217-19; mediuma. 162-4; df colours, 
123-6; panel, 22^-4; tempera, 168- 
79; traetment of oils, 110; rarnlik, 
13^; water colours, 217-19.5ee aUo 
Gt lading 
Honey, 21e 
Hour’s green, 51,79 
Hopitina .Albert A., 463 
Horace Vemet green, 51 
Hullmastdal, C., 459 
Humidity, afCecton ease) paintings, 190, 
309 -i 6; murals, 363; paints, 135; 
prints, 363 
Humus, 64 
Hungarian green, 51 
Hydrated chromium eeseuloxlde. Sti 

Vlridlan 

Hydrated eempounds. SCI 
Hydra'^lc property 01 cements, 405-6 
Hydrocblorie edd, 292 
Hydrofluosillcic add, 251 
Kyd^uge, 433 

Hydrogen peroxide, 304; ethereal for 
blea^tig, 363-3; for rostorlog dark* 
ened lied pigments, 345 
Hydi^ysii, ^01; of lilicatee, 252-6; of 

soap, 325 
H^rome],291 

Hydrometan, 426; for glue, 201 
Hydropblle, 433 

Hygroseopidty, 301. 434; of glue, 186; 

of glycerin, 283; ^gum, 279 
Hypo,£91 

HJumlnatioD of pictures, 3i, 161 
Iiiibuyt,415 

ImHacion cobalt blue, 76; as oil colour, 
69 

Imitation shellac, 146 
Impaste, 434; in gouache, 214; oil paint' 
ing, lol-2; tempera, 1?1 
Imperial green, 51 
Impressionistpiintlng, 103 
linprimature, 434 
Improvised materials, 20,209,219 


Impurities in commercial pi gments, 

Index, oil, 11^17, 515-14; ra^Rctiva, 
98, 99; of scientific and technical re* 
ferences, 460—1 
India ink, 51,450-1 
Indian blue, 51 
Indian lake, 51 

Indian red, 51,80 ; as oil colour, 70 
lndjan*yeliow,5l, 8l 
Indigo, 52,67 

Inert pigments, 35, 434; bases, 37; in 
colours, 37, 76, 121^; list of, 98; in 
mixed paint, 245; uses, 89 
Infusorial earth, 52 
Inks, 430-1; printlag, 384-5 
Ink stains, removal from prinU, 363 
Insect wax, 285 

Inspection ofcili andTimishos, 156 

Institute of quarrying, 444 

Intenia blue, 52 

Intonacco, 434 

Iodine, for patine ,411 

Iodine searlat, 52 

Iodine value, 5l3 

Iridaicenca, 104 

Iris green, ^ 

Iron, as base for paintiog, 212; enamel^ 
llngi 256^0 
Iron clue, 52 

Iron oxide, 296, 299, SCO; ]:^gmencs. set 
Black oxide, Aad iron oxide, Yellow 
oxide. Mart colours 
Irons, electric, 333,337 
Iron sulphate, 290 
Isinglass, 282 

lioloting, layers, 2C9; varnisli, 146 
Isometric drawing, 336-7 
Italian blue, 48, ^ 

Italian earth, 5^ 

Italian glaaad tempera, 174 
Italian merble, 40d 
Italian pink, 5^ 

Italian nenalsaance painting, 26 
Ivas, H. E., vinyl resloi, IsSn 
Ivory black, 52,84-3 

Jacaranda wood, 416 
Jacarente brown, 52 
Jaeger's karateme, 351 
Jagger, Sergeant, 464 
Japan colours, 454; drier, 434; varnish, 
434 

Japanese artists' materials. Ste Chinese 
and Japanese artists* materials 
Japanesel4C<p2er, 137 
Japanese prints, 375; repairing, 360 
Japan wax, 285 

Jars for storing colours, etc., 97-6, 169. 

2l9.438,4fl ' ' 

Jaunebrillant, 52 
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Jauna d’anUmome, 52 
Jarelle water, 2&1 

Jex-BIake,E,R.,+55 
Johoion, E. B., +68 
Johnaton, Edward, 467 
Jaiar, in fresco planter, 2+1-2; in moral 
canvases, 2+8-9 

Jownals, t^nicsJ and chemical, +60-2 
Jura turpentine, 155 
Jute canvas, 18+ 

Juxtaposition method for colour e^ect 
105 

Kaolin, 52,291 
Karaya, 281 
KassreryeUow, 52 
Kauri redo, 150 

Keene's cement, S25; on waJU, 248 
Kelm, Adolf, on mineral paicting, 252 
Keratome, 351 

Xermet, 52; in oinuon lakes, 48.80 
Kernel black, 52 

Kerosene, 2^6; as starter for thinning, 

388 

RetUe-bciled oil, 110 
Keynes, Geoftey, +61 
Riesel^hr, 52 

King, George, on silicon esters, 252n 
Ring's blue, 52; yellow, 52-3 
Rnives, for cleaning pictures, 3+8-d 
Rnossos, frescoes, 2+, 231 
Koa, +15 

Koko, 415 
RoTdofan,280 
Krems white, 53 
XroDos, 88,89 
Xrumbhaar, W., +62 

Rur», Otto, +63 

Lac, 1+7; colour, 37,55 
Lackers, pyroxybn or cellulose, 137; in 
grounds, 211-15; new pigments for, 
91; Onental natural, 137; on palettes, 
+30; as picture vamieb, 357; as suing, 
187; solvents for, 269 use in paint* 

ing, 20 

Lakes, 37; ancient, 37, 80; aniline, 90, 
91; base, 53; detection in inorganic 
pigments, 96 

Laminated wallboerd, 193 
Lampblack, 53,8+ 

Lancewood, +15 
Land plaster, 291 
Lane, A., 468 
Lange, r^orbert, 463 
Lapis laaidi, 63,6+ 

Larch, Austrian, 153 
Z^ariz decidua, 153 
Laughton, H. M., 462 
Laurel, East Indian, +15 


Laurie, Arthur P., bibliography of early 
MSS. and hooks, 25, +5?; rieBoingplo* 
cures, 345, 3+6; colour and light, iOl, 
102; canvas testing, 2l2; old varnish 
formulas, 1 + 0 ; early painters’ tech¬ 
niques, 29,5+; Prussian blue, 77; sili¬ 
con esters, 252; tempera emulsions, 
172,178,183, SiS; transparent green, 
148; water-colour paper, 216 ; wax in 
painting, 286, 287; books, +57, 458, 
464,+68 

Lavender oil, 289 
Lawrence, J., +68 
Lazuline blue, 53 
Lead antimoniate, 56,82, 

Lead carbonate, basic, 63,67 

Lead chloro-sulphite, +5 

Lead chromate, +7 

Lead mixing oi), 2+7 

Lead oxide,'35,56 

Lead oxychloride, 63 

Lead pigments, restoring discoloured, 

345 

Lead pigments unsuitable for, fresco, 
73; pastel, 72; Portland cement, 406; 
water-colour, 70 
Lead poisoning. 93,2+5,2+8 
Lead sulphate, basic, 62 
Leaf green, 53 

Lea-Merritt, Anna, on mineral painting, 

Ledthin, 166,519,320 
Leek green, 53 
Leighton Buzzard sand, 408n 
Leipiig yellow, 53 
Leithner blue, 55 
Lemon oil, 288 
Lemonwo^, +15 
Lemon yellow, 55 
Lent, Prank A., book +6+ 

Let-down ugments, 37 
Lettering, nooks on, +66 
Levelling, of stand oil, 145; 169, of 
vernisnes, 271,289 
Lewis, John N. C,, +60 
Lewkowitsch, J., on drying oils, 313*, 
book, 462 
Leyden blue, 55 
Library paste, 283 
L^ht and colwr theory, 96-10+ 
Lighting, for viewing tests, 96 
Light-proof tests for pigments, 90,96 
Light red, 53,80 
Light spar, 291 
Lignum vitae, 414 

Lime, 235 ff.; air*slakiiig, 235-6; bind¬ 
ing action, 19, 238-9; in casein, 2+5, 
5J^; kinds of, ^7; puuy, 236; solu¬ 
bility of, 239,5« also Mortar 
Lime blue, 53 
Limestone for carving, +02 
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Lim«wa$h, 243 

Lio^e W4ttr. 291; in fresco,243; secco, 245 
Limited pelettes, 9^ 

Ximcgei eounels, 260 

Lioeai mensure, 420; metric, 422 
Lioeer peripectiTc, 366 
Linen, Cenras 
Liaoleates, 148 

Llaoieic end Unoleoic acids, 111, 309>10 
Linoleum cutting, 594 
Linaeed oi), 107 ; acid number, 108, 

S13; UawT), bodied, ^Ued, 109-10; 
breaik. 108 ; chemist^, 31(^13; colour 
of, 107-9; commerdal brands, 441; 
foMl, 108; in daze medluins, 157- 
64; historical, 27; DrodiurtioD, 107-8; 
pelymeriMtioa, i$^9; raw, 107^; 
refinement, 28, 108; sele^on of, 
113; in tempera emuliione, 320; 
Tamiih type, 108 
Linton, William, 457 
Lipe, 434 

Lipotdi, in egg, 320 
Liquid driers. Stt Driers, ll^ld 
Liquid measures, 421 
Liquid sUlcatoe, 251-61 
Litharge, 53,85; u drier, 158 
Lithography, notes on materiaJs and 
preoass, 575, 376, 377-84; chemical 
wpecta, 325-7; inks, 312 
UthoUed,51.53 

Lithopent, 53, 87, 68; oadmium, 45; 

in grounds, 185,812 
Lithoeanilih,109,312,385 
Litnus,273.»7,^8 
Lieeriai, 123 
LiTerofiolphur, 291 

a d, a, W., 4^3 
oily pine, 132 
Locei ooloui, 92,434 
Lockhart, K.D., 467 
Logwood, 65 

Long^leaf yellow pine, 152 

Long oil Ttraish, 137 

Loet wax bronze casting, 409-10 

Low^ treated pigments, 117 

Low tinctorial pigments, in oil, 69-70; 

in water colour, 71 
Laerd,L. D.,467 

Luces, A., on early brontei, 410; books, 
458,464 

Lucu, E. Louise, 454 
Lumbangoil, 112 
Lumsden, E. Sy 460 
Lunar caustic, 291 
Lutein, 320 
Luteolia, 67 
Lye, 291,297,298 

MacLehose, Louisa S., 456 
Maculae, remoeal from paintings, 248 


Madder ,54, 80, 81, 91; riolet, 66, 84. 

Stf also AJiurin 
Maerz, A, J., 466 
Magenle, 54,79 

Magnesia, ^i; plaster, 237: plnstlc. 

407-8,444 
Magnesia white, 54 
Magoesiu, 54,291; calcined, 407-8 
Magnesites, Austrian, 407; sources of. 

Magnesium carbonate, 154 
M^iesium siUco-fluoride (fluoalliceta), 

Mahogany lake, 54 
Mahogany stain, 54 

Mahogany woM, for earring, 414; 

panels, 192 
Maize oil, 113 
Malachite, 54 

Manganese colours, 54; black, 43j 
54; blue, 54; green, sss Manganese 
blue 

Manganem dioxide, 41,54 
Manna copel, 147 
Manila eleml, 147 
Mapico ccioun, 55 

Maple, panels, 192, 334; for sculpture, 

Marble, sculptor’s, 406; dust, grit, chips, 
Dour, 237-8,408 
Man; black, 55 
March, Benjamin, 465 
Maroger, J., 468 
Maroufiage, 434 

Mars colours, 55, 80; rlolet, 84; yellow, 
81,83; black, 85 
Masonite, 195 
Massicot, 55 
Mess tone, 36 
Mastic roiln, 144 
MasUc Tarnish, 139, 144-5,357 
Mat, effect, 19, $9; paints, 129^4; 
Tarnishes, 159-40,1^4-5, 557; white 
oil paints for plaster walls, 246-7 
Matdtistg of colours, 75-6 
Matter, variation in, 296 
Maure, 55 
Mayer, H., 468 

Mayonnaise method for emulsions, 173 
Measures, 419-20. S»t alsc Tables, 
Voluma Measurements 
Measuring moons, 420 
Medium, 434-5; oil painting, sr< Gleze 
mediums 

Medworth, Prank, 465, 467 
Megilp, 144 

Melting points, metals, 410; waxes, 285- 

6 

Melrill, K.,468 
Mercuric chloride, 290 
Mercuric iodide, 52 
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Mercuric fulplute, 55; iujk, 6S 
Mercuric rulphide, 65 
Mercury yelfow, 55 
Mdriro^e, J, F. L,, 456 
Memfield, Mary PbiJedelphie. 456 
”5^1' «S-I0i eauDeUme <», 

S56-60i plete* forlitho^rtphy, 576-9: 
pUw* for en^Hdg eud etching, 
W5-6; ruppom for peindag giwmd», 

Meul Uth, 0^2 
MeteJIic Mepc, Set Soep 
Methyl tleoaol, 366 
Methyltted ipiric, 366^ 291 
Metric eynern, 423 
Mildew, 549 

Mdk, to piecuroi, 154-6; ckim, 

Milk of barium, lime, maneria, eoJ- 
phur, 291 
Muk lugar, 374 
Miller, Xlec, 465 

MUler, Oeorge C» on lithography, 580; 
book, 460 

MUI« for paint, 114,354 
MiJorl blue, 55,77 
Milton, 561 
^Mineral' colour*, 55 
Mineral oUa, 288 
Mineral ptiadng, 251-0 
Mineral producta. 5^-4 
Mineral iplrie, 265,459 
Minene, 35 
Minium, 55 

Minean_period, 25; blue, 48; freeco aal- 
•tte,;3;fr«aeoea,25l-2 
MUeingbam, H . 4^ 

Mitdagreeo, 55 
Mittlera green, 55 

Mixing, paatea, 419; of iogredienta In 
formulai, 41/^ 

Mixturea of oili, 112, 164; adeeata. 
270-1 

Modelling materiela, 406-1 
Moirtura, abaorptioB and diacbam, 
301-2; abaorpttoQ by eanraa, Iw; 
metera, 5l8: ia pUaneats. 97. 122; 
in walla, 255-5,248.317-8 
Molecule*, 296 
Monartral ccloura, 55 
Mono*4mmoaiujn caseinate, 276 
MoooJite yellow, 55 
Monotype, 394-5 
Montan wax, 285 
MoBtpelier colours, 55 
Mordants, etching, S89-90 
Morelle salt, 291 
MoireU, R. S., 469 
Morrow, B. F., 460 
Morae, H.W., 458 

Mortar, fresco, 237-9; com p o siti on. 


^7-8; hardening of, 238; Portland 
cement in, 258, 4?»6; sand for, 237-8. 
5eeaiae408a 

h'fortar and pestle, 219,222 
Mbaakgold, 55 
Moaaks,232 
Moaaneen, 55 

MoqI^ 399; on caaein aolutions, 275, 
277; on rum aolucioiu, 260; on paint- 
iaas, 349; prereadon of, 283-4; on 
pr^, 361; on tezdlea, 254; removal 
of, 349,361^; on wood, 284 
Mountain blue, 56; green, 56 
Mmalage, 280; plant, tee Cherry gum 
Mulbeiry bark paper, 215 
Muller, 125-3; use in testa, 94 
Mummy, 56 
Munich lake, 56 
Musaell, A. H.,465 

Moral painting. 228 ff.; cnmparuon of 
methods, 26iVl; fresco, 226-42; grat¬ 
is oil. 24^9; porcelain enaiael, 
256-60; aeecc, 246-4; with sUieatei, 
351-^; tempera. 249-50 
Murals, tranaferriag to naw support, 

Mursr.dS 
Muriate, 291 
Muriade add, 291 
Mutual sol venta. 963-4 
Myrtle green, 56 

Nacvel carmine, 56 

Naphtha. 268; ced*tar aolTeet, 268; 
V.St* P.,267.272 

Naples yellow, 56, 82; as oU colour, 69; 

partel, 72; tempore, 7t 
Nadee green. 56 
NatroD.291 

Naiturii pnducts, 306; durability of, 
303; variadoaia, 152 
Naval fter et , 264 b; 151 

Neuoel orange, 56 
Neutnl soap, OU 
Neutral dnt, 56 
New blue. 56 
NicfaoUs, E., 466 
Nkkel compounds. 299 
N^rastne, cdl-soluble, 367, 366 
Ning'Po lacunar, 137 
Ntdmte green, 56 
I«Q«Ci£e,29l 
r^Ofkadd,289 
Nobili,R.,463 
Noble, R. P..459 

NomeneUtore, of chemical compounds, 
299-500; miscellaneous materials, 
289-^; pharmacy, 292; pigments, 
36-9; tuipendnes, 264-5,436-91 
Non-dr^g oils, 175; as pla^dsers, 137, 


M.A.R. 
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Norton, Dot4 M., 465 
Nut gslj«, 451 

OLkpuieli, 192 

Obermeyer, Henry, on »W polmuon, 
^0;book, 464 
Oedurios, 455 
Ochre, $6,82-4 
Odorenu, 286 

O’Hert, £Jiot, on witer-colour bruih, 
426; 459 

Oil black, 56 
Oil-cake, 107 

OU eolouri, 114 tf.; edditiom to modify 
prepmtiee, 119-24; coniUtency, 120- 



^frecn, 56 

H!K1 Index*, 116-17; deuiled fifurei, 
515-14 

OU of tarter, 291 

OU of turpentine, 264 

^^Titrlo],291 

OU palntlDi, 105-6,126 ft.; adrastafiei, 
105 i feiftrei of, 154-5, 510-12; hli- 
torieel, 27-51; doeay end mat, 129- 
50; Uyeri of paint, 1^6-52; outline of 
normal procoduro, 153-4; permanent 
palette for, 66-9; tingle filmi, 128-9; 
Utlng for, 126,165-/; tooth, 18,126; 
onwalli,^? 

Oil palntlnfJ, condltioai for drying and 
preeerrato. SlC^ll; reitoreiion and 
deeping, t4t Coneervatlon; rtructure, 

Oil painta, balanced, 20; indunrlal, 445; 
remoel of, 247; eUndardj for, 25, 
508, 444-55; etructure of filmi, 16, 
127^2, 551; for waJli, 244-7. Su 

siao Paint 

Oil-reain, painting, 29; ramiahei, 29, 
149 

OUi, ahaorpiion by pipnenti, 116-17, 
515-14; enitnaf, 115; artim’, 115; 
blown, 109,110; bodied, 109; body of, 
156n; boiled, 109; chemical aapocu, 
509-15; eold'preeied, 107. 115; dia* 

pereion of pigmenta, 106,1 1 1,11 5, 
126-7; early uae in painting, 29, 50; 
enentjal, 266; extracted by aoWenti, 
107; faJae body, 156n; fatty, 509; 
fuD^oni in paint, 105; inapectloa, 
156; mineral, 268; mixturea, 111, 
164; refinement, 28, 107-10; aemi- 
drying, 115; aeparaticTn in tube col¬ 
our*, 122-^; teadag, 156; Tegcuble, 
106-14, 309-11; wetting power, 106, 
110;yeUowinc, 105,108, llO, 311-12 
Sl5. Set aho Banana, Cedar, Candle* 
nut, Gore, Colia, Com, Cettonaoed, 


Cbinawood, Drying, Egg, Fiah, Fusel, 
Kempaeed, Larender, Xemon, Lead* 
mixing, Linteed, Lumbaag, Maite, 
Non^iiWg, Oitidca, Paramn, Per- 
fum^ PeriJia, Petroleum, Pine, Pop* 

& l(apet«ed, Safflower, Soya bean, 
e, StUlu^a, Sun-refined, Son* 
flbwe^aeed, Sweet, Tallowseed, Tung, 
Walnut 

OU*aoluble dyea, 146; black, 567, 590 
Oil tuine, remoral from paper, 561 
‘Oily Ingredient*, of emulsioni, 167 
OUy tempera (water*in*ml emuUiona), 
176-9 

Oiriaca oil, 112 
Oieoreiiaa, 152,264 
Oleum white, 56 
Olio d'Abetto, 153 
Ollre greena, 56,79 

Olaen, John C , dilution and concentra¬ 
tion of llauida, 426n;book, 465 
Oo^ marbl#, 403 

Oblttlc limeatonea: hard, 405; medium, 
402^;aoft, 402 
Opacity, 99 

Opa^e pigment* In mlxturei, 102, 

Oj^eal efiecti of plgmenta. 96-104 
Optical function of oil, lOo 
Orange mineral, 56 
Oiange-pee] effect, 146 
Onnge vermilion, 56 
Orient yellow, 56 
Orpiment, 56 
Orr*a white, 54 
Ortrum, 57 

Oetwftld, Wilhelm, on celcur and light, 
101; colour lyitem, 466; drieit, 157; 
fine grinding, 126; paitel, 225, 224, 
225; proteetira of unvati, 191; Frua* 
(ianbW, 77; book, 456 
Overpalmlng In oil, 152-4 
Orer-plgmentatlon, 117; for abiorbent 
lacquer grounda, 212 
Oxalic adm 289; aa a bleach, 565 
Oxgall, 217,216,2l 9; pigment, 50 
Oxidarion, 

Oxychloride cement, 407 
O&okerite, 265,266 
Paint, 16-21,106 

Palettet, 429^0, 435; Implement, 429- 
50; restricted, 92^; of noted painter*, 
93; permanent, for varloui tech- 

ni^uea, 66-75 
FaHrander,416 
Paimitatea, 121 

Panels, 28, 184; framing, 559; gesso, 
197, 204-7; for oil oainting, 209-15; 
protection of rear, ^07; repair of old, 
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354-5; w«llJjo4rf, 195-5; wooden, 
192-3 

Pannetier (Tiridinn), 65 
Pannetaer's green, 57 
Paper, 17, 18, 214; coated, 18, 60; 
deatUDg and bleadiing, 360-4; detail, 
for mural cartoons, 241; lithoCTaphic 
transfer, 379-80; newprint, 53^; 
paste for mounting and repairs, 282; 
pastel, 224-3; protcctire, for rdining, 
332, 538-9; sizing, 215-16 , 564; 
scretehiog, 221 - 2 ; watetscolour. 216 - 
17;waxei555 
Papyrus, 215 

Paraffin, *pool’ grades of, 248n 
Paraffin was, 285,28$ 

Parared,5l,57 
Parchment, 2l5,2l7; glue, 282 
‘Paris* colours, 57 
Paris white, 67; in gesso, 324-5 
Pardngton, J. R., on early bronzes, 410; 
book, 45$ 

Partridge wood, 415 
Paste, 2^i2-4i 
Paste blue, 57 

Pastel, 222-7; cleaning and repairing, 
363^; coloured grounds, 209; pig¬ 
ments for, 72 

Patchy canTBses, 340-1; Hlling holes, 

Patent spedficarions, 417 
Patent yellow, 57 
Paul, R.,466 

Payne's |ray, 57; as a water-colour, 71 
Peach gum, 280 
Pearl ash, 291 

Pear wood, for sculpture, 413; for wood- 

cuts, 393 

Pedang damar, 141 
Pencils, 17 

Penetration of solzents, 271 
PenjcilUum, 349 
Penley, Aaron, 459 
Pentimento, 99 
Pepper, S. d., 466 
P^cptating drawings, 240 
Perfume c^, 288 
Perilla oil, 112,310,313 
Perkin, William Henry, 55 
Pennalha, 57 

Permanence, of colours, 90; of indcs- 
crial products, 90-1 

Permanent green, 39, 57; blue, 57; 

white, 57; Tiolet, 57 
Permanent palettes, 68; for fresco, 73-5; 
oil, 168-^; pastel, 72; tempera, 71-2; 
water colour, 70-1 
Peroxide. See Hydrogen peroxide 
Persian berries, 48 
‘Persian’ colours, 57 
PerspectiTe, notes on, 565-74 


Petrie, W. Flinders, 457 
Petrolatum, 283 
Petrolenm ether, 266 
Petroleum spirit, 265 
Petroleum substitute turpentine, 255 
PattenkoSer, Max ron, 347; method. 
346 . ^ , 

Pharmacy, nomenclature, 292-^; 

weights and measures, 421-2 
Phenw, 284; in egg, 169; in gum, 176 
PhosphotungsticaScurs, 91 
Photogenic property, 54 
Phot^aphy, panels for backgrounds, 
207; of restorations, 358 
Phthalocyanine coIctuts, 57; blue, 78; 
peen, 79; in ^esco, 75; water colour, 

Picture plane, 367 
Picture putty, 350 

Picture Tarnish, ideal specifications far, 
139; mat, 140, 155, 357; lynt^tic, 
152; use, 555—7. SeeaUo Varnishes 
'Pigment properties', 35 
Pigments, 3 5 ff.; absorption of light, 101; 
absorption of oil, 115-17; ancient, 
fnenesi of, 127; arranged according 
to colour, 75 ff.; as cement colours, 
406; clas^cadon, 56; colour effect of 
mediums on, 98; comparison of, 94; 
dates, 38; for fresco, 73-5; general 
characteristics, 56-7; general alpha¬ 
betical list, 30^8; in ge&so, 202 ; in 
gouache, 71, 214, 218-9; for indus- 
trial products, 90-1; low oil, 116-17; 
modiSers in, 38; nomenclature, 38-9; 
for oU paint, 68-70; opacity, 99; op> 
tical ejects, 93-104; pastel, 72; per¬ 
manence, 9CU1; new, 90-1; poison¬ 
ous, 72, 93; printing inks, 90; re¬ 
actions with oif, 112,118-19; red, 79- 
81; refinement, 96-7; in silicate 

S aints, 252-^; synonyms, 39; sources, 
40-1; tempera, 71-2; testing, 95-6; 
translucent, 99; water colour, 70-1; 
water-repellent, 81; particles, 114. 
See aiao Colour, Grinding, Inert pig¬ 
ments, ^ colours 
Piuene, 3l6 

Pine oil, 270,316; in emulsions, 176 

Pine oleoresins, 152,155 

Pine soot black, 58 

Pioholes, in gesso, 198 

Ptrtts,152,153 

Pipe clay, 291 

Pipette, 420 

Plaster, Egyptian mud, 24 
Plaster board, 207 

Plaster of Paris, 324-5; in gesso, 197, 
199,202,205,325 

Plaster walls, mineral painting, 251; 
siting and priming for oil paint, 244— 
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7; s«cco, 243; sp«d&^ for tempera, 250; 
freico, ttt Prara 
PUitic gesao, 350 

PUnidzers, 455; in lacquers, 137; in 
eiX colours^ 122: in syntiietic rasing, 
151*, in Tamiiheg, 145; in water 
colour, 219;iawBxten^era, 177 
Planic magnegia, 407,44+ 

Plagtici, 1^2,440 
Platinum, 18 

Plasderleith, H. J., on oasta, 292; on 
atarilidnf prints, 555;6oQkj, 4 (j 4 
Flegsy’s green, 58 

Pliny the a]<ie^ 24; drlerg, 158; on- 
eaustie, 286; Cheek Tnethods, 25; inki, 
421; ochre, 80; plutering, i^6; Punic 
wax, 286; sanphire, 64; hooki; 455 
Plumbago, 56, &9S 
Plum gum, 280 
Plum wood, 413 
Plyw^, 1^,123,334,355 
Peiaening. SaaToidoeffacti 
PoUonoua colour*, 71,72,93 
Polarltod fubatanea, 30? 

Polimtnt, 58 
Paiiaklng rouge, 60 
PolymentaUoo, SOI 
Poit^aian Uet, 4$; rod, 56 
Pompeii, 25 
'Peer grada oili, 288n 
Poplar paooli, 192 

Pow oU, 111| 310-16; hUrorlcol, 27; 
in Unuad oil eoloon, 114, 135; aa 
paiut oil, 114; aourca, 442 
Porcelain oaame)Ungoniion,2S6-7 
Portable fraacoea, 242 
Pcniand cement, 405-7; eoloura for, 
4^: in fri^, 235, 238; white, 244, 
407 

Potter colourr, 182 
Petaah, 292 
PoUMium, 295,299 
Potauium aluminium sulphate, 289 
PoUuium chlorate, 390 
Pnaaiium hydroxida, 290,291 
Poiurium nitrate, 290 
Potasaium ailicate,25l 
Potaaiium guJphide, 290,412 
Potter’s pink, 58,75 
Powderbg of paint ftlms, 135 
Powders, opacity of, 98 
Potauoli blue, 4r, 58; red, 58, 75 
Preparation of coioim in water mediums 
125,128; for fresco, 241; for gouache, 
218-19; for gesso grounds, 128; for 
pagtels, 222-4; for tempera, 168^; 
Tor water colou r, 217-19 
Pregdwood, see Plywood 
Preser^tuees, 283-4 
Primary colours, pigment, lOl; spec¬ 
trum, 103 


Primer, plaster, 245,246-7 
Priming oil canras, 185—7 
Primrose, yalJow, 59,58 
Pruitiaf-inkpigmeDts, 90 
Prints, o74-5; cleaning and repairing, 
360^3; limited editions, 376. Sse also 
Aquatint, Dry Point, Engraving, 
Et^ing, Japanese, Lithography, 
Monotype, Silk-screen, Woodcuta 
PrUm, 

Profilro, 396 

Projection of cartoons, 273; of scale 
drawing, 371^ 

Proportions io formulas, 417—18 
Proteins* coamslation. 32^^: in egs, 
182,320 

Prussian blue, 58,77-8; in mixtures, 85; 
in oil, 69, 125; pastel, 72; water 
ccloui, 71 

Prussian brown. 58; green, 59; red, 59 
Pumice, 59. 89; in grounds, 18, 167, 
206,210,225 
Punic wax, 286 
Puree, 59 
Pure scarlet, 59 
Purple of the Ancients, 59 
Purple pigments in common use, 84 
Puteoii, 5% 

Puseolan cements, 407 
Pwree, 59 
Pyrolusltc, 45 
Pyroxylin lacquers, 137 

^arterboatd, 196 
Quarts 60 

Quercitron bark, 50 
Quicklime, 292 
Quicksilver, 292 


Rabbit-skin glue, 200,322,332,440 
Rtpegaed4il,290,29^ 

Raipe, R. E., 456 

Riucourt, A., 460 

Aawling, S. (3., 464 

Raw materials, retail lOurcei, 437 

Raw sienna, 22, 59,82 

Raw umber, 59,83 

Ready-made materials, quality, 21-2 
prices, 23; trade uracUcas, 23 
standarditation, 23; o08—9, 444-5 
tempera, 182-3 
Realgar, 59 

Recipes, old, 417. See also Formulas 
Reelilied spirit, 292 
Red iron oxides, 70,80,290 
Red Jakes, andcut, 80 
Red oclire, 59 

Red pigments in common use, 79-81 
Red 8eo] zinc oxide, 37 
Reduced pigments, 37 
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l\«finemeQt of oili, 2d, 107-10: of pi<- 
menu, 96-7 ^ 

Refraction of light, 98,92,100 
Refractive index, 98 
Refrigeration, in cQ refining, 108; ai 
pmervative, 169 
Reding oil paintiags, S$0>7 
Repainting in reetoratiooi, S30, 547, 
S51-2 

Repairing pictures. Set CDnaerretioa of 
Pictures 

Repoussi wo^ 360 

Reiedd lutroU^ 67 

Resene, 316 

Rcfinatas, IfS, 316 

Re«ia>oiJ paiirtisg, 39 

Reeicis, 140-64, 316. See diet VaiT)ii]i 

Rectorlng, 538 ff. 

Restricted palettee, 93-$ 

ReteU sources of some Dteteruls, ^7 C 
Retouch vanuh, Si, 133, 138: ctb- 
thetic, 193: Vibert, 163. 

Rice, D. I., 468 
Richmond, L., 467 
Richmond, W, D., 460 
Rldgwar, nehert, 465 
RiReuit,! R. D..461 
Rlamen. Sven, 47 
Rlnman « green, 59 
Ris^gallo, 99 

Rlvlngton, Rev. S. A., on mineral 
painting, 859 
RoDbiala^ l37 
Rfihertsen'j madium, 163 
RochelU salt, 393 
Rocki, notursJ binder* in, ^9 
Roller, rubber itirfa^, 347, 333, 
340 

Roller mills, 114 
Rolling of canvas**, 187 
Roman ochre, 31 
Rose medder, 59 
Rosemary oil, 269 
Rose nsti^’i green, 60 
Rose pinh, 60,80 
Rosewoods, 416 
Rosin, 130-1 
Rosin grading, I5ln 
Reein soap, 1^ 

Ross, DenmaD, 466 
Rothenstein, M., 468 
Rodge, 60 

Rowan, 54 

Rawbotham, Thomas, 459 
Rowney. GeorM, 46 
Royal colours, 60 
Rubber, 890; solventi, 266 
Robencamp, R., 461 
Rubens, Peter Paul, da^emng of fresh 
Oil paintings, 3l0 
Kuheni brown, 60; madder, 60 


Rob-Oots of colour*, 94 
Rugeros. SseTheopbilus 

Safflower, 60 
Safflower oil, 115 

Safflpn. 60,62 

Saildoth, 184 

Saint-Ewe, Edouard, aureolin, 41 

Sal anuBoniac, 293 

Saleratos, 293 

Sal mda, 292,298 

Salt, common, 890 

Salt cake, 293 

Salt of, lemon, eorrel, tartar, wormwood. 
392 

Salnotre, 293 
Saha, 298-^ 

Sal voUtiU, 392 
Sandarac, 143-6,147,190 
Sandanca, 60 
Ssindpaper, 306 
Saaditone, 405 

Sassdjionas: English, dassified, 403 
Sap green, 60,79 
Sapomfieation, 177,525 
Saponin, 346 
Sapphire, 64 
SarooeoUs^ 281 
Streim-PHrenea, Mare, 459 
Sargent, P. L., 4tt 
SaMafra*oU.288 
Satin whiu, 60 

Satiasmod, Braiiltaa, 415: East Indian, 
416; San Domingan, 416 
SaiurniDe red, 60 
Sexonred, 60 

Scale drawing. Sr* Drawing 
Sealee, arohfercts* and en^neen’, 240; 
wcighiu, 419; tbarraometer conver- 
eion, 293 

Scarlet lake, 60; iodine, 52; vermilion, 
60 

Scbaale, Earl WUhelra, 49 

Scbeela'e green, 60 
Sehaiid, F., 466 

Sehmidt'Degener, Dr. F., on rellolng 
irictnre*, ^9 
ScMitser** green, 60 
SdioJlx, Gustav, 462 
Scfaweinfurt groan, 60 
Scott, Alexander, on deamng and 
bleaching of prints, 561; book, 463 
Scraper, engraver's, 3^ 

Scnper-boaid, 811 
Sesaping knife, 94,185 
Sculptors' materials, notes on, 400-16; 
cements, 405—8; colouriu of plastar 
casts, 410; metals, 409-l(^ modalling 
materials, 400-1; padaes on bronze, 
411-12; stones, 40i-4; woods, 412-16 
Sculptnra, enamelling inetal, 360; syn- 
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thetic plastics, 1S2; colouring of, 
410-12 

Soambling, ISO 

5«a gr«eos, 7d 

Soaling wav, 14S 

SmJs oa Chinese pain tings, IIS 

Sear*, £. L., 4€S 

Seaton, Max Y., od plastic megnoela, 
40Sn 

Seceo peiadju, 24S-4 
SecoDoarycotouja, 101 
Seed lac, 14S 
Selectasina, S96n 
Selenium, 45; red, 60 
Seller*, £.,455 
Semi^rytnc oil*, US 
Semi* mat (aemi'clou, *emi«nat, e^ 
«h*lJ), paiat*, 120; formula* for waHi, 
245-7; Tamiah**, 155 
Senefelder, Aloys, Hthofrapby, 576; 
book. 459 

Senegal. Stt Gum Senegal 
Sepe^y, Z. L.,4&a 
Sepia. 85-4 

Sengraphy. Stt Silk-tcreen printing 

Sgr^^f 

Shale, 60 
Sheet glue, 440 

Shellac, 14^7; a* a alung material, I28i 
146,210, S5l;onpaletua,450 
Short^l ramlah, ISY 
Showcard colours, 189 
Slccatlf, de Haarlem, deCourtral, 157 
Slccatlric, 157 
Sidlian hrv*m, 60 

Slenn a. 5 m Raw slenai, Burnt tienna 
Signal red, 60 

siteo 

SUeiter,0., 255n 
SUex, 60 

Sfh^ 60, 229; in paint, 245; for tooth, 
Silica gel, 252-^ 

Silicate*, liquid, 251-6; amyl, 253; ethyl 
952 methyl, 253; •^um and 
potaeilum, 251 
Silicon carbide, 290 
Silicon dioxide, 60 

Silicon uter^ 952-6; colour effect of 
pajnti, 253; painting with, 955-6; 
as stone preaerratlve, 252, 952; pig- 
I7)entifbr256 
Silicon tetrachloride, 255 n 
SUk'ieretn printing, notes on, 39S-9 
Silver fir, liS 
Silver nitrate, 291 
SiJver*point drawing, 18 
Silver wiiite, 61 

Simple solution varnishes, 156; home* 
made, 157 

Singapore damar, 141 


Sinope, sinoper, einopla, 61 
Sinter, 1^9 

Siaing, 146, 185; canvas, 185—6; gesso, 
209^10, 551; paper, 216, 364: walls, 
128,244 

Skinning a picture, 543 
Sky blue, 61 

Slaving, of lime, 255-6,239; of plaster of 
Paris, S24-5 
Slate black, 85 
Slate colours, 61 
Smalt, 61 
Smaragd green, 61 
Smart, 5orlase, 468 
Snow white, 61 

Soap, 525; for cleaning pictures, 525-6, 
346,352*^; metallic, 146-9; wax, 17? 
Soapstone, 404 

Socta^ »/ Mural l>teoratort and Paint- 
4rt in Temptra, J’opers of, egg tem¬ 
pera, 172; Minoen frescoes, 251-2; 
vemalis, 65; wax coating, 267; books, 
459 

Soda, 292 
Soda aih, 292,296 
Sodium, 295,299 
Sodium bicarbonate, 298 
Sodium carbonate, 298 
Sodium chloride, 290 
Sodium fluoride, 284 
Sodium hydroxide, 297 
Sodium hypochlorite, 290 
Sodium hyposulphite, 292 
Sodium orthopnenyl phenate, 284; in 
casein solutions, 278; in omul- 
fion, 176; in paste!, 993; in water 
colour, 218 

Sodium iDicate, 251-2 
Sodium sulphate, 291,292 
Sodium thiosulphate, 291 
Sodium triohlor phenate, 264 
Soft-ground etching, 396 
Solnncffkn stone, 377 
Selube blue, 61 

Solubility, 3 01; balance in mediums, 20, 
159. 179, 219-20; of lime, 2 9; n 
practice 136 

Solutions, calculations for altering eon- 
centrations, 426-7; saturated, 3^1 
Solvent power, SOI; of volatile solvents, 
270-1; of water, 317-18 
Solvents. See Vola^e solvents 
Soot, In atmosphere, 250 
Sore], £. (oxychloride cement), 406 
Sorel cement, 408 
Soya bean oil, 112 

Spstckling, sparkling, 435; in banging 
murals, 2^8 

Spanish black, 61; brown. 61; white, 61; 
red, 61; 80 

Spar varnish, 154,246 
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S96i fuppMt for 


Spodfic 425 
SpocUrurn, IC^ 

Spermae*^, 285 
^]ceoU,288 
Spirit fresco, 245 
Spirit of»dt, 292 
^nrit of turpaotiD«, 214 
Spirit of win«, 293 
^lit-aduble copal, 147 
0iirit Tarniah, 136^7 
Spontanooiu eomburdon, 306 

proMura in repairing ou)Ta»ea, 542 
Spray gun, 206 

StabOiaen, emulnoo, 166, 507; ia oil 
celourt, 190-^ 

SUadarda, for artutt* materUU, SSi 
508—9; for ardita* oil paints, 44^-55 
Stand 109; colour ctaHlity of, 4^; 
in fUze mediums, 115, 1&2-4; his* 
torieal, 29: la tempera emulsions, 172, 
175-8, 320; in Tareish, 140, 145,557 
Stannic oxide, 58,62 
Stareli, 283 

Steam, use in preuiDg oil, 107 
Stearates, 148 
Stearic add, 386 
Steal, etching oa, 
paiotinca, 9t2 
Steel blue, 61 
Stereochromy, 351 
SterilixatioD of deanad priata, 565 
Sterner, Frank W. (ataodaid for paints), 

Sttrana, Thomas W., 467 

SuvtHj' Arithf)%4tie of Pharma^ (C. H. 

Stocking and J. L. Poweta), 4i6n 
SdJIlnfia^, 115 

S U^ Ijng e^leaee aod paint, 16(^1 

Stocks, 462 

Stone, for eating, 401-4; sooreae, 444; 

Uthegreph, 577*^, cast, 405 
Stone green, 61 
Stopping, 349 
Stout, O.L., 468 
Soaaburg curpaotine, 153 
Stnamlincs in peint or ramiah, 156 
Strength tests fot pigments, 9^^ 
Stretching, canras, 188-9; paper, 221 
Stretching pliers, 189 
Stripping a picture, 545 
Strentium diromaW, 69 
Strontium sulphate, 61 
Strontium yedow, 62,82; white, 61 
Stucco, ^9 

Students* grade znateriels, 21; coloora, 
123; panels, 195 
Sub-stratum, 455 

SubtraedTe process ia enloor mmag, 

101 

Sudan gum, 280 


Sugar, 218 
Sugar of lead, 292 

SuDj, Thomas, eariy Amencan tech* 
BMnief, 27; bw^ 457 
Sulphides, 299 

Sulphur, 290, 295; in atmosphere, 260; 

effect on wmte lead, 85^ 

Su^huric add, 291, ^8, 500; In manu> 
fMXura of caaeiBi 311; in oil refining, 
108 

SunOower-seaddl, 112 
Sunproof colours, 62 

Sna-refined oil, ilO, 114; in mediums, 
165; in tempera amulskm, 172 
Sunvic moisture indicator, 51$ 
Superheated steam, in oil reS ning, 108 

Superuxol, 562 

Supports for grounds, 184; eanras, 184- 
M; glass, 18, 313; metal, 211^15; 
waJlboar^ 195-6; wood, 193 
Surfaces for peinrii^, structure, 18 
Surface te&non, 31^ 

Swedish green, 62 
Sweet^292 

Sycamera, for woodcuts, 593; Eogliih, 
415 

Symbols, ehemical, 503 
^nthetk resins, 15516; in paint 
end eamiib, 80, ISO, 557; sources, 
440 

Tibiae, coneeition of weights and meei- 
uree, 423-4; deosldes of taricui 
materials, 404; deoiltiei of woods, 
416; dry1^^ rates of plgmentr 11^ 
19; eea^ratioB of solvents, 273; frac* 
dons and dedmali, 425; melting 
pdats of melaU, 410; dl absorption of 
pigments. 117, $15-14; volumes of 
wKitt lead in oU, 425; weights and 
maasuree, 420-4. Set also Conrersion 
Tables, Volacne measurements 
Tack, ceddnM, ^5 
TMfa, 188-9 
Takamatso, T., 465 

Talc, 62,89; in geaso, 202; pastel, 72,224 
TalJeweeed oil. IlS 
Tambroni. 456 
Tampons, 161 

Tannk add, as glue hardener, 525 
*TanniBg* of proteijis, 525 
Terttf^, 2»; oil of, 291 
Taubes, F., 466 
Taylor, J. Scott, 466 
Taylor, W. B. S-, 456 
Teaknood, 416 

Tears (teardnm) in eoatlrtgs, 156 
Technical grade, 437,439 
TeekAscal obdies sn tfu Fiold of (he J^s 
Artty 464; stand dl in damar varnish, 
I45n; vinp redns, 1S2 d 
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Temper, +55 

Teo^rrt ptiptiDg^ 165-85^ caiein m, 
17^, 17$, 520^ erc>yci)k in, 166,16^ 

71, 507, 319-20| «» and cH, 17CM; 
millions, 166-7, 507-S, 318- 

21; nperimenti, 174, 318; impasto, 
^71; ^nding colours, 125, 169; 
ground, M« Gesso; histoiicjil, 26-7; in 
murals, 261; oily tempera, 178^; 
plghkents for 7l-2; ready-made 
materials, 182^; soJuMli^, 167; 
rtrucTure of films, 18-12, l5l; tech- 
oi^ei, 179-82; term, 16 ^, +3^; test¬ 
ing of fiJmj, 170,183; wax, 177 
Temperature eharuras. damage to paiut, 
134,510-11 
Terpineol, 516 
Terra alba, 62 

Terra cotta, 401: pigment, 62 
Terra merita, 6^ 

Terra ombre, 62 
Terra roei, 62 
Terre verte, 62 
Tertiary colouri, 101-2 
Ttsaera, +36 

Teiti, casein paints, 278; driers, 158; 
fineneu of finding, 119; fraudulent 
signarurei, 553; gesso, 202{ flue, 201, 
324; neuture in walls, 518; ou col¬ 
ours, 94-5,448-53; oils and rarrtishei, 
156; pastels, 253-4; pigments, 93-6; 
prmred oan*as, 391; tempera paints, 
170,18S; wallbe^, l94 
Tetrachlorethane, 3 73 
Tetra-ethoxysilicanes, 255n 
Thenard, Louis Jacques, +7 
Thenard*! bhie, 47,62 
Theepbilus, Preibner, on cherry fum, 
286; curd 274; inks, +51; iecco,l+3; 
book, +55-6 

Thaophrartui, 24; on refining pigments, 
37; lepphire, 64; book, +55 
Therir>oBietericalei,eenrsr«lon of, 293 
Thinners. Stt votatUe lolrents 
Tbirtning of molten materials, 419; wMh 
highly volatile liquids, 388 
Thixotropy, 305 

Thempion, Daniel Viifiey, Jr,, 456, 
458,459 

Thompson, Ralph, 467 
Thompson, R, CampbeU, 458 

Thym&.sb ' 

Timonox, 52 
Tin oxide, 58,62 

Tinting strewh of pigments ftaactoriel 
power), 94-5,451 
Tin tubes, 126; filling. 126 
73n white, 62 
Tiianiuzn oxide, 62 
Titanium pigment, 62 
Titeniuni green, 62 


'neanium whites, 8^9; io gesso, 202 ; 
in cmI grounds, 185; in pastel, 72; 
in pictures for reproduction, 88; in 
tempera, 71^, 88^9; in water colour 
88 * 
Tltanolith, 62 
Tiunox, 65,89 

Toch, Maximilian, on conservation of 
{Inures, 328; damar vamlah, 145b; 
titanium, 89; Tarnishing eerticaj pic¬ 
tures, 357; water in oil colours, 
books, 458,+61,+64 
Toft, Albert, 46+ 

Toluldine red, +9,63 
Toluol, 266-7,266,345 
Toners, 37 

Tooth, 436: in grounds, 18,185,210-11 
Top tone, 37 

Trac e^ets of lead, 93: of other pig¬ 
ments, 72;ofsolTents, 265 
'Diction, +56; fissures in paint ooatii^i, 

Trade standard for artists’ oil paints 
4+4-52 

Daoifer lithography, 379-80 
Transferring plcturoi to new support, 
538-40 

T^nsluoency, 99 
Transmitted light. 99,100 
Danspareney of pigments, 99 
Dan^arent eopjMr green, 63 
Transparent oebre, o6,82 
Dansparent oxide of cViromium, 63 
Daniparentplgmtntiin mixtures, 102 
Tricholcretylene. 270 
Tritodium phosphate, 296 
Tritton, F. J,, on theory of lithography, 

Tioy, 24 
Troy weight, 421 
DuJliuij^, 436 
Tschlrach, A., 462 

Tubes, collapsible, 125-6; filling, 126 
Tuc^man, Lucy D., art HWlegraphy, 

Tun gates, 148 

Tim^oil, 112, 155; In met will paints, 
TurWth, 65 

Turkey red. 65; brown, 63 
Turkey umber, 59 
Turmeric, 148 
Tuinbun's blue, 63 
Turner's yellow. 63 

Turpentine, 2d4-5; chemistry, 316; 
crude, 152-^; early use, 262; ia emul¬ 
sions, 172; eTaporation rate, 272; no¬ 
menclature, 152,264; subidtule, 265^ 
sopplies, 438-9; for thinning ^ 
ouri, 129-30, 134, 418; thinning oil 
grounds, 185,246-7 
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Tiirpeth mweral, 63 
7^riM,264 
Tur^oiw blue, 63 

Turffuoue green^ 63; as fresco picment, 
7S\ ultnmarine, 64,69 
Tuscan red, 63 

Ti^e, lithographic, 361; in silk screen. 

Twill, 184,185 
Typo'high blo^i, 393 
Tyrian purple, 57,63 
T^relean green wth, 50 

Uhrlkhs, H.L,, 455 
UlCremariDe aib, 63; as water colour, 70 
Ultnsnajine blue, 64, 74j in fi oe ta . 
74; with lead is 

Ultramarine colours ocher than Use. 64; 

ai oil colours. 69; as water eUouie, 71 
Ultraviolet lamp, for tcvtiitf pigments, 
90; for hardening egg, 94 J* 

Umbv, Set Rew um^, Bunit umber 
Undertone, 36 
Uranium yellow, 64 
Uyemure, Rokuro, 465 

Vacuum pump, 97 

Valence, 299 

Vanderpoel.J.H.. 467 

Van Dyke trown, 64, 63; in pestd, 79; 

ea water colour, 71 
Van Dyke red, 65 

Vamlsnes. 13^ dascifieatioa, 136«7; 
oeloured, 147; cooked, 136,149; fleer, 
946; French, 146; historksi, 99, 140, 
149: heme-made, 136-9; in sp e a flo as 
of, 256; levelling of, 145, 971; litbo, 
109, 312, 364; loni-cal. 137; mat, see 
Mat Tarnishes; oil and reeliu 137,149; 
old recipes, 140; short-oil, 137; simple 
solution, 137; spar, 154, 846; spirit, 
i57; water, 137; uses of, 139. Set else 
Gletas, Retou^ Vamlsh, Pktsre 
Varnishes, Varnishing PiAum, Am¬ 
ber, Copal, Oamar. Elemi, Mastic, 
Manila, noiria, Syntnetk re^, Send- 
erae. Shallec 

Varnishing, pictures, 555-7; now od 
paintings, fS4 
Vsunish linseed oi], 108 
Varnish, resins, supplies of, 439 
Vtser^ Gioi^. 27,^; book, 456 

Vegetable products, 303-4 
Vegetable Tiolet, 65 
Vs^cle, 436 
Veils, 209 

Vellum, 215, 217; as ground for paitel. 
225 

Velonis, Anthony, on silkecAen, 396 
Velret brown, 63 


Veseer, 199-3 

Venetian red, 65.80; as cdl colour, 70 
Vetucered,65 

Venice turpentine, 153; in adherives, 
247, 352; in emulsions, 27, 172,179; 
in ^ase tnediums, 170-1; nomen- 
dature, 264 
Verdacdo, 436 
Venleazxuro, 65 
Verdenme, 65 
Verd^6S 

Verdeoa, 65 ' 

Venle Teeaie. 65 
Verdigris, 65,79 
Verduer, blue, 43; green, 50 
Vermiiioo, 65,70 
VenuBs, 65 
Vemet green, 65 
Vendee. 149 
Verona brown, 66 
Verona green earth, 50 
Veronese green, 66 

Vert anti^, 6S\ on plaster casts, 410; 

onbronae, 419 
Vert emereuda, 66 
Vestorieo blno, 06 
Veeavius, 56 

VibertreteudiTeniisli, 162-3 
Victoria green, 57, M 
Vienna Mue, green, 66; white 66 
Vienne Isike, 66 

Vine bJeck, 66,84; as oil enletv, 70 

Vinegar, lo9 

Vbiyi reeins, 152 

Violet cemine, 66 

l^let maddse lake, 66 

Videt pigments In common use, 84 

^^oletaltramariiM, 66 

Viride eeris, 66 

Viridiaa, 66,79; es «U colour, 195 
Vuceaty of aits, 156 
Vltri£ed cnetoials, 256-7 
Mtriol, 292; blue, 290; green, 991; oU 
of, 291; white, 292 

VRruTtus (Marcus VkruTius Pollio), 24; 

oa Greek metbodi, 95; bocdi, 455 
Volatile aolTents, 262 ff.; boUJng points, 
372; in {detores, 267^, 

543^ 361; es duuents or extenders, 
970-1; in diseolei^ renns, 138-9; in 

deweong deriving, 142-^; effect 
in pent, 263; empoietixig rates, 972; 
biftorical, 26. &, 150, 298-9; in- 
fUmmability, 263; lereUing praper- 
ties, 271; rniioMfity, 964; mutual 
solvents, 964; praetratlon of, 971; 
properties of, ^0-1; requirements 
Tor, 262; tbiiinisg asMtea materials, 
388, 419; toxidry, 264; for waxes, 
986 

Volume meaiuremeats, 420; casein, 
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277; chalk, 277; damar rarouh, 142; 
gum aiabic, 175; is teiu on oil 
caloon, 95; white lead in oil, 425; 
wax in oil colours, 124 


Wall pnmer, ready-made, 247 
Wallhoardi, 19S^, 212; cradling of 

paaeli, 195-6 

Wuli, ahsorbency to paint, 22^-5; allia- 
linicy of, 244; in freaco, mw- 

Cura ia, 2SS^, 224, 248; remoTal of 
coating! from, 247; teiu for mrieture 
content, i^S 

Wall scraper, 94-5,185,247 
Walnut, American, 41S; BratUian, teg 
Xmbuya; Ea<t Indian, rr« Eoko; Eng¬ 
lish, 111; plywo^, 192 
Walnut oil, 112; bUtohcal, 27; iodine 
^alue, sis I sources, 442; yellowing, 

512 

Ward, James, 457 
Washing soda, 298 

Wacar, role in ^rious procesies, 5l7-ld; 
in oil colours, 121 ; in picture cleaning, 

529,536 ^ 

Watercolour, 214-21; balanced formu¬ 
las, 20; eleaning and repairing, 364; 
fine grinding, 185; pigments ^r, 70, 

71; structure, 19,20 
Water glass, 251,292 
Wac«r*Tn*oll emulfions, 17^9. 309, 

520 ) . » 

Water of crystelJiaatlon, 501 
Water varnishes. 157^ 

Wax, 284 ft.; adhesive for rellning, 337; 
constituent of reilni, 142, 14^7; In 
emulrioni, 176-7; 266, 521; in »n- 
oauitio painting, 287; in etching 
greun6 and rasiiti, 385-90; fauy 
adds in, 309; in lithograph crayoni, 

561; in mat finiihes, ISO, 15$; In 
metal caitlDg. 409-lC; modelling, 

400; in oil oolourv, 2l-2, 125, 125; Xanthorroea, 148 
painting with, 25, 286-7; pastes, 286; Xylene. 266 
in picturentieening solvents, 345-6; as Xylol, ^66,272 
protective coating, 287; Punic, 286; 
recnoTalirom prints, 560; salves, 177- 
6 , 286, 411; saponified, 177; solu¬ 
bility, 286; structure in liquids, 154; 
tempera, l76-7.320; in ramisbci, 134 
Waxed paper in reoning. 335 
Waxy materials in oil coWrs, 121-.5; in 
mat varnish, 154 
Weatharometer, 90 
Weber, Frederick W., 461 
Weights, 419-25. Set also TabJ es 
Wcisi, E,,467 
Weitenkampf, Prank, 460 
Weld, 67 

WoDs, TOlfrid H., 465 
Weagenroth, Stow, 460 


West, Levon, 460 

Wettability, 219 

Wetting power of oil, 108,110 

Wbey,2f2 

White earth, 67 

While glue, 281 

White lead, 67, 85^. Ste also Lead 
pigments 

White lead (industrial) in oil, 442; as 
canvas adhesive, 247—8; for canvas 
priming, 186; for metal pnmlng, 212; 

plaster priming, 246-7: mt and 
heavy paste, 246, 442; volume and 
weight e^ivalents, 425; for wood 
pruning, 210 

white pigments in common use, 85^ 
White Seal abc oxide, 87 


White spirit, 265,439 
White vitriol, 292; as drier, 156 
Whitewash, 436 
Whiting, 67 

Williami, Terrlok, on handling pastel 
pieturei, 226j hook, 459 
, ^muef P462 
Windels, F., 468 
W^nsorblue, 52,67 
Wlntergreenail, 268 
Wcad, 67 

Wood, density of various, 416; panels, 
192,193; ferenna^ng, 395, 444; for 
iculpture, 41^16, 444; tropicol, 414- 

Wood, H, R.,462 

Wood aloohoJ, 268; naphtha, 292; iplrit, 
292 

Woodcuts and wood engraving, $75»5, 
393; supplies, 444 
Wood turpentine, 265,272,516 
Woodward, Prusrian blue, $8 
Wood woms and beetles, 555 
Wrinkling of peini fij m, 155 


Yeast black, 67 
Yellow carmine, 67 

Yellowing, of emulsions, 165, 174, 177, 
179, ^8, 32D; of grounds, 20^10, 
212; of oils, 105, 108, 110. 509-10, 
312; of Synthetic and cenulosic coat¬ 
ings, S12, 357 
Yellow lake, 67 
Yellow oxide of iron, 67 
Yellow pigments in common use, dl-5 
Yellow ultxamariae, 67 
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Zaffer (lafft’c), 68 
Zerr, Georg, 461 

Zinc, as support for paintings, 212; com- 


Zme ebJohde, 

Zinc chrom«t«f GS 
Zinc creen, 68 
Zinc oadde, 60,87 
ZinecUtnU, 121 

Zinc fulphiit*, 121; to nmuviite pUcinr, 


ZinccuJplaide, 55 
Zinc tunntc, 155 

Zinc white, 68, 87-9: in mundc. 1&5. 
202;ixidujtriAJ,416 

Zinc yeUew, 68, 82; in o(!, 70; in pnslcl. 

72; nut inhibitor, 2l2 
7innobrr, 68 
Ziieooium oxide, 68 
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pound*, 299; Map*, 1«8: pUte*, 578, 
586,444 






, 



Arcbaeotogtca f VSiOi^'' ^ 

No:' ^ jgu^ 


Dau o< lUtURt 


*^A hooh that ii ihut U but a block" 
^ GOVT. OF INDM 

D^piitment e£ Aithttthgy 

^ NEW DELHI. 7 


Please help qb to keep the book 
clean and moriog. 


A utbor 


- ^ 


•.•h UI< H. OlLMli 








